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There is a significant gap in the body of knowledge concerning time-compressed 
multimedia instruction.  Although research indicates that there is no loss in learning 
through well-designed multimedia instruction compressed at 25%, research is lacking 
that analyzes the effects of time-compression with learner-control included in the 
multimedia instruction.  The aim of the study was to address this gap in the research by 
integrating learner-control into the interface of a time-compressed multimedia 
instructional lesson using similar methodologies from previous research.   
Effects were analyzed of time-compressed learner-controlled multimedia instruction on 
learning and perceived cognitive load.  Additionally, the researcher employed a 
participant population from a corporate environment to increase the generalizability of 
the results.  The researcher investigated two hypotheses concerning the differences in 
effects between a treatment group that used multimedia instruction featuring learner-
control over two pre-determined compression speeds (0% and 25%) and a control group 
with no time-compression.   
The primary results of the study were that there was no significant difference in either 
learning or perceived cognitive load between the treatment and control group.  Also, 
another noteworthy result was that only one-fifth of the participants in the treatment 
group (n=7) altered the compression speed during the presentation.   
One implication of these results is that learners might want more compression speed 
options during a presentation.  Another implication is that learners might choose to use 
time-compression during a multimedia presentation if there was more information 
provided to the learner concerning what time-compression is and how it affects learning.  
Recommendations for future research include investigating the implications of this study 
and expanding the types of populations that are sampled for time-compressed multimedia 
research.  Overall, both industry and academia must commit to aiding in the research of 
time-compression technology if its benefits and hindrances are ever to be fully explored.   
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Chapter 1 
Introduction 
 
Background 
As technology has advanced, multimedia instruction has become a primary 
educational and training tool in academic and corporate environments (Pastore, 2012; 
Ritzhaupt, Gomes, & Barron, 2008; Ritzhaupt, Pastore, & Davis, 2015).  The design of 
most modern multimedia instruction is guided by the Cognitive Theory of Multimedia 
Learning (CTML) (Pastore, 2015; Ritzhaupt et al., 2015) and is meant to promote 
learning by using audio and video elements delivered through a computer (Fiorella & 
Mayer, 2015).  In recent years, through advancements and availability of technology, 
multimedia instruction often consists of podcasts or other forms of audio-based narration 
that is supplemented with screen captures or slide presentations (Pastore & Ritzhaupt, 
2015; Pastore, 2015; Ritzhaupt et al., 2015).  As technology continues to advance so are 
the ways in which the learner experiences and interacts with multimedia instruction, 
however there are gaps in the body of knowledge caused by the rapid speed with which 
technology evolves (Ritzhaupt & Barron, 2008).  One of these newer ways in which 
technology advances multimedia instruction and out-paces research is through 
multimedia that incorporates time-compression.   
  
2 
Time-compressed instruction is based on the idea that learning can be achieved at 
a faster than average rate by compressing presented information into a shorter amount of 
time.  Historically, research into time-compressed instruction began more than a half a 
century ago when technology allowed researchers to record speech onto audio tape, but 
then alter what the listener heard by speeding it up when it was played back (Fairbanks, 
Guttman, & Miron, 1957).  Orr and Friedman (1967) described how the interest in time-
compressed audio originated from a discovery that learners could significantly recall and 
retain information that was heard, so long as the audio quality (e.g., pitch, intonation) 
remained intact.  The significance in what is heard with time-compressed speech is not 
just the faster pace in which the narration is presented, but it also the lack of distortion in 
the audio (Orr & Friedman, 1967).   
Pastore and Ritzhaupt (2015) and other researchers that have analyzed modern 
applications of time-compressed instruction have noted that time-compressed audio 
research originally demonstrated that learners could hear and comprehend more words 
per minute (wpm) than what a person is physically able to speak (Pastore, 2015; 
Ritzhaupt, Barron, & Kealy, 2011; Ritzhaupt et al., 2008, 2015; Ritzhaupt & Barron, 
2008).  The results of those early tests also showed that learners could accurately recall 
information that was heard at the same wpm as the average adult reading speed (Pastore, 
2012, 2015; Ritzhaupt & Barron, 2008; Ritzhaupt et al., 2008).  For context, the average 
adult rate of speech is somewhere between 120 and 180 words per minute (wpm), while 
the average adult reading speed is about 280 wpm.  Furthermore, over the next few 
decades time-compressed research demonstrated that learners could accurately recall and 
retain information from time-compressed speech somewhere between 270 and 375 wpm 
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(Pastore & Ritzhaupt, 2015; Ritzhaupt et al., 2008).  However, as astounding as those 
results were, the momentum of time-compressed research declined in the mid-1980s.   
The decline in time-compression research was a result of two major factors.  First, 
Pastore (2012) noted that most time-compressed research—even since its inception, 
focused on factual recall and recognition, but not higher-level learning.  Higher-level 
learning refers to learning measured by applying rules or problem solving—aspects of 
learning beyond factual recall (Pastore, 2010, 2012).  The number of studies on time 
compression decreased without ever showing significant results in higher-level learning 
(Pastore, 2010).  The second major factor impacting the decline of time-compressed 
instruction research is noted by Austin (2009) and Johnson and Mayer (2012).  These 
authors described how advancements in technology and increased accessibility to 
computers led multimedia to take the forefront of instructional technology research 
(Austin, 2009; Johnson & Mayer, 2012).  In fact, Pastore and Ritzhaupt (2015) stated that 
a major limitation of research on the effects of time-compressed speech was that the 
research did not include the context of multimedia.  Additionally, researchers described 
how multimedia remains at the forefront of instructional technology research not only 
because multimedia is relatively cheap to produce, but also because there is a large body 
of knowledge discussing how it should be designed to achieve things like higher-level 
learning (Hollender, Hofmann, Deneke, & Schmitz, 2010; Pastore & Ritzhaupt, 2015; 
Song, Kalet, & Plass, 2016).   
Although time-compressed instruction experienced a significant decline after 
1980, recent research has focused on how it is integrated with multimedia.  This 
integration occurred when Ritzhaupt et al. (2008) paired images with time-compressed 
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audio using principles from Mayer’s (2009) Cognitive Theory of Multimedia Learning 
(CTML) to analyze verbal redundancy and learner satisfaction.  Next, Ritzhaupt and 
Barron (2008) conducted follow-up research and analyzed learner satisfaction and the 
learner’s ability to perform cued-recall and content recognition.  Later, Ritzhaupt et al. 
(2011) used the same instructional materials from previous research, but reframed the 
study using the Conjoint Retention Hypothesis.  Additionally, Pastore (2010, 2012) used 
both the modality and redundancy principles from the CTML and aspects of cognitive 
load theory (Leahy & Sweller, 2016) and analyzed the effects of time-compressed 
multimedia instruction on higher-level learning and perceived cognitive load.  More 
recently, Pastore and Ritzhaupt (2015) provided an overview of current time-compressed 
multimedia research along with guidelines for developing and integrating the technology.   
Pastore (2015) also expanded his previous research and analyzed learner preference when 
using various compression rates for either learning or entertainment purposes.  Similarly, 
Ritzhaupt et al. (2015) expanded previous time-compressed multimedia research and 
analyzed learner preference and performance with time-compressed video.  These recent 
studies make up the majority of the current research into time-compressed multimedia but 
leave new ways to analyze this topic.   
Problem Statement and Goal 
Recent research into time-compressed multimedia instruction used populations 
consisting of undergraduate students and analyzed the effects of time-compressed audio 
and visual redundancy on variables such as learning, cognitive load, and satisfaction.  
Although these recent studies have demonstrated positive results, the current body of 
literature contained two specific gaps that were the focus of this study.  First, the existing 
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literature (Pastore, 2010; Ritzhaupt et al., 2008) recommended using a more generalizable 
population—like employees in a corporate environment, to see if the positive results of 
previous studies extend beyond academia.  Second, research had not focused on an 
analysis of the effects of learner-control within a study involving time-compressed 
multimedia (Pastore & Ritzhaupt, 2015; Ritzhaupt & Barron, 2008; Ritzhaupt et al., 
2008, 2015).   
The need for this study was that both Pastore (2010) and Ritzhaupt et al. (2008) 
recommended future studies analyze effects found in one another’s work, but recent 
research had not primarily followed the previous recommendations for using a different 
population.  Pastore and Ritzhaupt (2015) claimed how the findings from previous time-
compressed multimedia studies provided implications to both the academic and industrial 
communities concerning how this research could translate into significant savings in both 
time and money on training costs.  However, without testing the effects of time-
compressed multimedia instruction with a more generalizable population outside of 
undergraduate students—the primary population previously researched, it is unlikely such 
change might occur.  This suggestion was supported by other research in multimedia 
instruction by Joo, Lim, and Kim (2012) and Kim (2015) that sampled from a population 
taken solely from within industry, or from Song et al. (2016) and De Smet, De Wever, 
Schellens, and Valcke (2016)  that sampled from populations of students other than 
undergraduates to achieve more generalizable results.  Furthermore, research into time-
compressed multimedia instruction has not focused on analyzing the effects of integrating 
learner-control in a study despite multiple recommendations from primary researchers in 
the field (Pastore & Ritzhaupt, 2015; Ritzhaupt & Barron, 2008; Ritzhaupt et al., 2008, 
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2015).  Based on these recommendations, the body of knowledge was expanded in a 
completely new way by including learner-control and sampling a different population in a 
study of time-compressed multimedia instruction.   
The goal for this study was to extend experimental inquiry designed from 
previous research in time-compressed multimedia instruction and use a multimedia 
presentation compressed at two rates (0% and 25%).  For this study, the multimedia 
presentation consisted of narrated audio paired with static images so as to analyze the 
effects on learning and perceived cognitive load.  The study extended previous research 
by both drawing from a different population of participants and integrating learner-
control in the study.  An experimental design was employed, based on the independent 
variable of multimedia instruction with dependent variables of learning as measured by a 
knowledge pretest and posttest, and perceived cognitive load as measured by a single 
seven-point Likert-scale question.  A simple random sample was employed of individuals 
working in a large defense contracting company based in the United States and two 
groups of at least 30 participants each were used in the research design: a group with 
selectable control over compression speed and a control group.   
Research Question and Hypotheses 
The overall research question guiding this study was: how does integrating 
learner-control into time-compressed multimedia instruction affect learning as measured 
by pretest and posttest scores, and perceived cognitive load as measured by a cognitive 
load instrument?  Based on similar methodologies from previous research in time-
compression and learner-control the study tested the following two hypotheses:  
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H1: There will be no statistically significant difference in the level of learning 
among participants in the multimedia treatment group and the control group.   
H2: There will be no statistically significant difference in the level of perceived 
cognitive load among participants in the multimedia treatment group and the 
control group.   
The General Conduct of the Study 
The hypotheses were measured by an analysis of the data captured from using the 
instructional materials and measurement tools in the experiment.  Similar to Ritzhaupt et 
al. (2008), the researcher altered existing multimedia materials to create an instructional 
presentation for the study using materials from Occupational Safety and Health 
Administration (OSHA) concerning the ergonomics of computer workstations (Besser et 
al., n.d.).  The materials consisted of spoken text paired with images and were designed to 
teach the learner about the health and safety of proper ergonomics while working at a 
computer workstation.  The conduct of the study involved using measurement tools 
similar to Pastore (2010, 2012) and Ritzhaupt et al. (2008, 2015), specifically: a 
demographic survey, a pretest designed to measure prior knowledge, a posttest designed 
measure learned knowledge, and a survey designed to measure perceived cognitive load.  
Data collection involved test and survey results from a treatment group and a control 
group.  Data analysis involved analyzing and comparing the collected data using 
descriptive and inferential statistics.  Overall, the methods and tools of data collection 
and analyses were adapted from previous research in time-compressed multimedia 
instruction.   
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Relevance and Significance 
There are a number of reasons why this study was relevant and significant, with 
each reason stemming from recommendations and gaps in the current body of research.  
Computing hardware and multimedia software capable of producing time-compressed 
multimedia instruction are rapidly increasing in availability (Pastore & Ritzhaupt, 2015; 
Pastore, 2015; Ritzhaupt et al., 2015).  With this advancement, many similar tools and 
platforms also allow users control over the presented information (Chen & Yang, 2015; 
Pastore & Ritzhaupt, 2015).  One result of this study was that by investigating the 
integration of learner-control over compression rate in multimedia instruction, research 
into time-compressed multimedia has evolved to better keep pace with the advances in 
this technology.   
Another suggestion for future research came from recommendations made in 
earlier studies (Pastore, 2010; Ritzhaupt et al., 2008).  Ritzhaupt et al. (2008) and Pastore 
(2010) suggested future research include a time-compressed study using a specific type of 
population for more generalizable results.  Although this particular recommendation has 
not yet been a primary focus, including this suggestion in this research study should 
provide greater visibility to time-compressed instruction.  Additionally, similar to how 
Song et al. (2016) used medical clerkship students in a study on complex multimedia 
environments, this study used a population taken entirely from a corporate environment 
like other recent multimedia studies (Joo et al., 2012; Kim, 2015).  As a result, this study 
should provide guidance for individuals in industry interested in the potential benefits of 
time-compressed multimedia instruction.   
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Overall, the primary relevance and significance for this research was to organize a 
study that attempted to combine aspects of previous research with recommendations from 
current literature.  The researcher sampled a different population from previous research 
and analyzed the effects of leaner-control time-compressed multimedia instruction on 
learning and perceived cognitive load.  This study not only filled some of the current gaps 
in the body of knowledge, but also fulfilled recommendations from previous researchers.   
Barriers and Issues 
Conducting the study provided some challenges because two of the 
recommendations discussed above were not easy to integrate within a research study.  
These two recommendations were: using a participant population of employees working 
in a corporate environment and integrating and analyzing the impact of learner-control 
within the time-compressed multimedia instruction.  Concerning the first 
recommendation, gaining access to the necessary number of employees in a large 
corporation for academic research purposes was not a simple task based on various 
restrictions imposed by many large companies.  However, because the researcher both 
worked for a large corporation and was pursuing a terminal degree in academia the 
researcher had a unique opportunity to conduct a study using the participant population 
Pastore and Ritzhaupt (2015) described as greatly benefitting from further time-
compressed instruction research.   
The second recommendation that was followed in this study—to integrate and 
analyze learner-control, was also partially difficult to fulfill.  To begin with, integrating 
learner-control over the compression rate of the multimedia presentation in the study was 
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not the difficult part.  In fact, previous researchers (Pastore & Ritzhaupt, 2015; Pastore, 
2010, 2015; Ritzhaupt & Barron, 2008) described how many common multimedia and 
audio players already include options to control the compression rate of content.  
Additionally, typical multimedia users are most likely familiar with functionality that 
allows control over the pace of presented media.  Pastore (2015) even described that, to 
modern users compressing audio content is as easy as pushing a button on a mobile 
device (p. 4).  Moreover, even tools like Tegrity™—which are used to present 
multimedia in university-level instructional courses, allow users control over the rate of 
time-compression in the multimedia.  Overall, integrating learner-control over the 
compression rate in the multimedia presentation was not difficult because multimedia 
tools with this functionality existed and were familiar to modern multimedia users.   
However, the remaining portion of the second recommendation—analyzing the 
use of learner-control, proved more difficult to fulfill.  Although using time-compression 
is readily available to most users, the majority of multimedia players that include 
compression options do not include functionality for tracking compression choices made 
by individual users.  As a result, similar to Pastore (2010, 2012) tracking participant use 
of the “back” and “replay” buttons from within the multimedia interface used in that 
study, this researcher had to build a system and interface that tracked participant use of 
the compression rate selector within the presentation’s interface.  By creating and 
introducing this functionality in the multimedia interface, the researcher was able to 
collect the information necessary to analyze the effects of learner-control on learning and 
perceived cognitive load in a time-compressed multimedia presentation.  Overall, the 
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study successfully navigated the challenges presented by the barriers and issues and filled 
the literature gaps in time-compressed multimedia instruction.   
Assumptions, Limitations, and Delimitations 
The researcher made four assumptions—unprovable factors that were accepted as 
true within the context of a study.  First, the researcher assumed that participants in the 
study were representative of the population of employees from a corporate environment.  
Second, the researcher assumed that each participant made a genuine effort to complete 
the study according to the instructions that were provided.  Third, the researcher assumed 
that participants experienced little to no technical difficulties that interfered or prevented 
participation in the study.  Fourth, the researcher assumed that the multimedia instruction 
was well-designed based on the following items that were used in the instructional design 
process:  the multimedia design principles of the CTML, the time-compressed 
multimedia learning design principles by Pastore and Ritzhaupt (2015), and the feedback 
from a panel of six reviewers from the fields of educational technology and computer-
based instructional design.   
There were two limitations in this study—factors that were beyond the 
researcher’s control that could have potentially impacted internal validity.  First, the 
researcher was unable to control the environment the participants were in when 
completing the study.  The researcher made the study available online, but it was up to 
the individual to participate either in the same corporate environment in which he or she 
would normally complete corporate computer-based training or in a different 
environment.  Second, due to restrictions within the company the researcher was only 
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able to recruit employees as participants from among a handful of departments in the 
company.  As a result, participants sampled for this study were less representative of all 
learners from a corporate environment.   
Finally, there were five delimitations—factors that were intentionally imposed to 
constrain the scope of the study to make it manageable.  First, for the multimedia 
treatment group the researcher included only one choice of compression speed beyond 
0% at a rate of 25%.  Second, beyond basic controls in the multimedia interface (e.g., 
pause, volume), the learner-control variable for the multimedia treatment group was 
limited to the selection of compression speed during the presentation.  Third, the 
researcher analyzed effects on only two variables from recent time-compressed 
multimedia research: learning and perceived cognitive load.  Fourth, the learning tests 
measured the learner’s ability to recall information presented in the multimedia treatment, 
but did not attempt to measure higher-order thinking skills.  Last, the instructional 
content that was used would be characterized as having low intrinsic cognitive load.   
Definition of Terms 
Cognitive load 
Cognitive load refers to the burdens that working memory experiences during the 
learning process.  According to Cognitive Load Theory, cognitive load is distinguished 
into three types: intrinsic, extraneous, and germane (Leahy & Sweller, 2016; Park, 2015; 
Pastore, 2012).  The first type, intrinsic cognitive load, describes the inherent complexity 
of the information that is being learned (Leahy & Sweller, 2016; Park, 2015; Pastore, 
2012).  For example, learning vocabulary is considered low intrinsic cognitive load, but 
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learning how to construct sentences in a foreign language is considered high intrinsic 
load (Hollender et al., 2010).  The second type, extraneous, is the result of presenting 
instructional material in a way that is irrelevant to learning (Leahy & Sweller, 2016; Park, 
2015; Pastore, 2012).  An example of extraneous cognitive load is trying to teach a 
learner what a square is using only verbal descriptions as opposed to showing an image 
of a square (Clark, Nguyen, & Sweller, 2006).  In this example, the extraneous cognitive 
load is caused by the verbal description of the square being spatially separate from its 
visual image (Hollender et al., 2010) causing the learner to try to visualize the verbal 
description and unnecessarily consume cognitive resources (Austin, 2009).  The third 
type, germane cognitive load, is caused by the construction and development of schemata 
in long-term memory (Park, 2015; Pastore, 2012).  Germane cognitive load is the most 
desired state of cognitive load as it demonstrates that the learner is creating the schemata 
necessary to organize and integrate the incoming information into long-term memory 
(Hollender et al., 2010; Park, 2015).  In this study, the term cognitive load most often 
represents extraneous cognitive load as it is considered to be the most affected by 
multimedia design principles during the development process  (Hollender et al., 2010; 
Leahy & Sweller, 2016; Park, 2015; Pastore, 2012).   
Cognitive Load Theory 
Cognitive Load Theory refers how the human brain processes, stores, and 
accesses information using working and long-term memory (Park, 2015).  Cognitive load 
theory is based on cognitive information-processing theory and describes how the human 
mind functions with a working memory that processes information under capacity 
limitations (Leahy & Sweller, 2016; Park, 2015; Pastore, 2012).  During the learning 
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process, working memory mitigates capacity limitations by using long-term memory 
capabilities and multiple sensory input channels (Leahy & Sweller, 2016; Park, 2015).  
Long-term memory provides aid to working memory by automatically accessing the 
unlimited amounts of previously encoded and stored information known as “schemata” 
(Hollender et al., 2010, p. 1279), while multiple sensory input channels allow working 
memory to split processes between auditory and visual input.   
Cognitive Theory of Multimedia Learning (CTML) 
The Cognitive Theory of Multimedia Learning (CTML) refers to the theory 
Mayer (2009) developed by expanding on a branch of cognitive load theory known as 
dual coding theory (Pastore & Ritzhaupt, 2015; Pastore, 2015; Ritzhaupt et al., 2015).  
The CTML is foundationally based on three assumptions: dual channels, limited 
processing, and active processing (De Smet, De Wever, Schellens, & Valcke, 2016; 
Pastore, 2012; Ritzhaupt et al., 2008).  The CTML relies heavily on the first assumption 
of dual channels and distinguishes the dual processing paths as being between the audio 
and visual channels (De Smet et al., 2016; Pastore, 2012; Ritzhaupt et al., 2008).  
Concerning the second assumption, the CTML explains extraneous cognitive load when 
addressing processing limitations during the learning process (De Smet et al., 2016).  The 
third assumption describes active processing as how the learner engages incoming 
information in order to properly receive, organize, and integrate it (De Smet et al., 2016; 
Ritzhaupt et al., 2008).  In addition to the CTML seen in Figure 1, Mayer outlined a 
series of multimedia learning principles that are considered to be foundational to 
multimedia instructional research and design (Austin, 2009; De Smet et al., 2016; Inan et 
al., 2015; Song et al., 2016).  Two of the principles referenced often in time-compressed 
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multimedia research—the modality principle and the redundancy principle, are described 
in the Definition of Terms section.   
 
Figure 1. Cognitive Theory of Multimedia Learning (CTML) (Mayer, 2009) 
Learner-control 
Learner-control in this study refers to the option participants had in the interface 
to select and adjust the compression rate of the multimedia presentation.  During the 
experiment, learners in the multimedia treatment group had control over the compression 
rate of the multimedia instruction along with other common multimedia interface controls 
(e.g., pause, volume) (Pastore & Ritzhaupt, 2015; Seow, 2008).  Recent research has 
focused on whether integrating various forms of learner-control in multimedia instruction 
influences the effectiveness or even reversal of the modality principle (Chen & Yang, 
2015; Inan et al., 2015).   
Modality Principle 
The modality principle refers to the concept that it is more efficient to present 
information to both the auditory and visual channels simultaneously as opposed to one or 
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the other individually (Austin, 2009; Chen & Yang, 2015; De Smet et al., 2016; Inan et 
al., 2015; Leahy & Sweller, 2016; Pastore, 2010, 2012, 2015; Ritzhaupt et al., 2015).  
Leahy and Sweller (2016) and Pastore (2015) further described the modality principle as 
being better for learning if information is presented through a combination of narrated 
text and visual images, instead of visual text and visual images.  Inan et al. (2015) stated 
that the modality principle is one of the most widely recognized principles of Mayer’s 
(2009) CTML and that the proper use of the modality principle within multimedia 
instruction continues to demonstrate improved learning and reduced extraneous cognitive 
load.   
Multimedia instruction 
Multimedia instruction in this study refers to an electronic presentation that 
simultaneously combines audio and visual components to achieve learning.  Based on 
previous research designs, the audio component consisted of narrated speech at an 
average spoken wpm rate while the visual component consisted of static images related to 
the audio component (Pastore, 2010, 2012, 2015; Ritzhaupt et al., 2011, 2008).  Current 
research continues to analyze the most efficient and effective ways to implement 
multimedia instruction based on theories and principles described in the Definition of 
Terms section (Austin, 2009; De Smet et al., 2016; Inan et al., 2015; Pastore & Ritzhaupt, 
2015).   
Redundancy Principle 
The redundancy principle refers to how information that is presented through 
multimedia should consist of narrated text and visual images only, instead of: narrated 
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text, visual text, and visual images (Austin, 2009; Pastore, 2010, 2012; Ritzhaupt et al., 
2011, 2008, 2015).  In multimedia instruction when text is both narrated and presented 
visually, working memory becomes overtasked with redundant information in the visual 
channel (Austin, 2009; Pastore, 2010, 2012; Ritzhaupt et al., 2011, 2008, 2015).  When 
this overtasking occurs, learners experience extraneous cognitive load beyond working 
memory’s capacity limitations and the learning process is hindered (Leahy & Sweller, 
2016).   
Time-compression 
Time-compression in this study refers to the digital process of speeding up 
narrated audio while keeping the tone and intonation of the speaker intact (Pastore & 
Ritzhaupt, 2015).  Orr and Friedman distinguished time-compressed audio or “time-
compressed speech” (1967, p. 224) from just ‘audio played at a faster rate’ due to the 
salient characteristics that remained in the audio.  Research continues to demonstrate that 
through time-compressed audio, listeners are able to hear recorded speech at an increased 
speed but still accurately recall and retain information afterward.   
List of Acronyms 
CTML – Cognitive Theory of Multimedia Learning 
OSHA – Occupational Safety and Health Administration 
WPM – words per minute 
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Summary 
One way in which advancements in technology have out-paced the body of 
knowledge concerning multimedia research is through multimedia that incorporates time-
compression.  However, recent research has focused on integrating time-compression 
with multimedia instruction.  Although this research has analyzed various effects of time-
compressed multimedia instruction, gaps in the literature still remain.  The goal of this 
study was to fill two gaps in the literature by building and expanding on existing research 
in time-compressed multimedia instruction.  The researcher analyzed effects on learning 
and cognitive load similar to previous research, but based on recommendations from the 
literature expanded the body of knowledge by integrating learner-control into the 
multimedia instruction and sampling from a population of participants outside of 
academia.   
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Chapter 2 
Review of Literature 
 
Overview 
In the following chapter the researcher provides a review of literature concerning 
the study.  To begin, the researcher describes the justification of scope for the review.  
Next, the researcher provides an in-depth discussion of the previous research that has 
been conducted in time-compressed multimedia instruction.  Then, the researcher 
discusses the gaps in literature based on the previous research.  Next, the researcher 
provides an analysis of research methods used in similar studies to describe how the 
research methods used in the study were valid and reliable.  Finally, the researcher 
provides a summary of the various topics that were discussed in the review of literature.   
Justification of Scope 
The researcher used the following criteria to determine what should be included 
and excluded as part of this review of literature.  The scope of this review focuses 
specifically on the available peer-reviewed articles concerning time-compressed 
multimedia instruction.  This scope is justified because the purpose of the study was to 
follow recommendations from previous research in time-compressed multimedia 
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instruction and to fill two gaps in the current body of knowledge.  Related literature 
concerning the theories and concepts that affected the development of time-compressed 
multimedia instruction has been described in the Definition of Terms section, and is not 
included the review.  The following discussion reviews available articles concerning 
time-compressed multimedia instruction in a chronological order.   
Previous Research 
Research into time-compressed multimedia instruction is a relatively new field of 
research that has been led primarily by Pastore and Ritzhaupt (2015).  An in-depth 
discussion of Pastore and Ritzhaupt’s research follows.  However, the authors used two 
different terms to describe the amount which multimedia was compressed: acceleration 
speed and compression rate.  Compression rate represented a percentage of time saved by 
speeding up the narrated audio, while acceleration speed represented the speed with 
which the audio was increased.  To help align the terms used in following discussion, 
Table 1 has been adapted from Pastore and Ritzhaupt and included.  This table presents 
the related terms within the context of an example 10-minute time-compressed 
multimedia presentation.  Pastore (2010, 2012) described how using wpm as a descriptor 
for time-compression was not practical because wpm relies on a speaker to impractically 
remain paced while being recorded.  As long as a speaker remains within the average 
adult speaking rate of 120-180 wpm, then compression rate percentage is a sufficient 
indicator of compressed narration (Pastore, 2010, 2012).  However, Table 1 also features 
the average wpm used in a multimedia presentation for additional context.    
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Table 1. 
Alignment of Related Compression Terms using a 10-minute Multimedia Presentation 
Acceleration 
Speed 
Compression 
Rate 
Words-per-
minute (wpm) 
Time 
(Minutes) 
1 0% 150 10 
1.33 25% 187.5 7.5 
2 50% 300 5 
 
To begin with, Ritzhaupt et al. (2008) were the first to study the effect of time-
compressed instruction in a multimedia setting.  The authors used Mayer’s (2009) CTML 
and aspects of dual-coding theory to integrate related images with compressed narrated 
audio.  In this initial study, Ritzhaupt et al. analyzed the effects of various audio speeds 
and verbal redundancy on learning and learner satisfaction during a multimedia 
presentation.  The authors conducted a 3 x 2 x 2 experimental study with three audio 
acceleration speeds, two levels of content redundancy, and two performance trials.   
Ritzhaupt et al. used a convenience sample of 183 undergraduate students in an 
introductory IT and communications course as participants.  For the instructional 
materials, the authors used a multimedia presentation about podcasting—that was 
normally used in the students’ course.  Ritzhaupt et al. altered the audio scripts so that 
one provided redundant auditory information alongside one series of related images, 
while the other script provided no redundant auditory information alongside the same 
series of related images.  The authors recorded both of the 20-minute audio scripts and 
used software to compress each by one of three acceleration speeds: 1.0, 1.4, or 1.8.  
Then, the authors paired each audio recording with the associated images and randomly 
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assigned participants to one of the six resulting groups.  The authors collected data using 
a demographic survey, a performance measurement before the presentation, a 
performance measurement after the presentation, and a survey to measure satisfaction.  
Ritzhaupt et al. analyzed the data using a series of ANOVA procedures followed by a 
Tukey honest significant difference (HSD) procedure when any significant differences 
were identified.  The authors used audio acceleration speed as a between-subjects effect 
and both performance exams and verbal redundancy as within-subjects effects.  An 
overview of Ritzhaupt et al.’s (2008) study and other time-compressed multimedia 
research studies can be found in Table 2.   
Table 2. 
Overview of Time-compressed Multimedia Research Studies 
Researchers 
(Year) 
N Type of 
Study 
Acceleration / 
Compression 
Differences in Multimedia 
Conditions 
Ritzhaupt et al. 
(2008) 
183 3 x 2 x 2 1.0, 1.4, 1.8 Images paired with redundant or 
non-redundant audio 
Ritzhaupt and 
Barron (2008) 
305 4 x 2 1.0, 1.5, 2.0, 2.5 Related or non-related images 
paired with audio 
Pastore 
(2010) 
216 2 x 3 0%, 25%, 50% Present or absent images paired 
with audio 
Ritzhaupt et al. 
(2011) 
153 4 x 2 1.0, 1.5, 2.0, 2.5 Related or non-related images 
paired with audio 
Pastore 
(2012) 
154 2 x 3 0%, 25%, 50% Redundant or non-redundant 
images paired with audio 
Pastore 
(2015) 
92 Experi-
mental 
0%, 10%, 20%, 
30%, 40%, 50% 
Present or absent images paired 
with audio 
Ritzhaupt et al. 
(2015) 
147 3 x 2 x 2 1.0, 1.25, 1.5 Video with or without captions 
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With this initial research into time-compressed multimedia instruction, Ritzhaupt 
et al. (2008) discovered three important findings.  First, the authors discovered there was 
no statistically significant main effect for audio speed F(2,180) = 2.158 nor was there a 
significant interaction between learning performance and accelerated multimedia 
instruction F(2,180) = .355.  The authors’ first finding meant that the results did not show 
any differences in learning across various acceleration speeds.  Although this finding was 
not particularly strange at the time, the result was odd when later considered in the 
context of follow-on research into time-compressed multimedia instruction (Pastore & 
Ritzhaupt, 2015).  The second finding was that groups with the redundancy condition 
outperformed those in the non-redundancy groups despite the acceleration speed F(1,180) 
= 158.13.  This second discovery was unique because it was in contrast to the CTML’s 
redundancy principle.  The third finding Ritzhaupt et al. discovered was a statistically 
significant difference in audio acceleration speed F(2,180) = 3.134 and a Tukey HSD 
follow-up procedure indicated that participants favored the 1.4 speed over the 1.8 speed.  
This finding was important because it demonstrated that participants preferred to 
experience the multimedia instruction at a slower compression rate.   
After leading initial research in time-compressed multimedia instruction, 
Ritzhaupt et al. (2008) recommended that future research focus on three things: 
determine a threshold for learners using time-compressed multimedia, incorporate 
options to allow learners to control the audio compression rate during the multimedia 
presentation, and focus on different types of multimedia content—like video.  Although, 
Ritzhaupt et al.’s study tied time-compression and multimedia instruction together for the 
first time through research, it presented significant questions concerning time-compressed 
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multimedia instruction.  For example, Ritzhaupt et al. did not isolate any effects of the 
visual component, therefore Ritzhaupt and Barron (2008) led a follow-up study in an 
attempt to address this issue.   
Ritzhaupt and Barron (2008) followed up the research of Ritzhaupt et al. (2008) 
and generated a similar research framework using the modality and redundancy 
principles of the CTML.  Ritzhaupt and Barron analyzed the effects of various audio 
speeds and adjunct images on learning and satisfaction during a multimedia presentation.  
The authors conducted a 4 x 2 experimental study with four audio acceleration speeds 
and two image types.   
For participants, Ritzhaupt and Barron (2008) used a convenience sample of 305 
undergraduate students from various courses at a university as participants.  Likewise, the 
authors used a multimedia presentation from prior multimedia research (Kealy, 
Alkhabbaz, Subramanian, Bunch, & Spears, 2006) on the topic of Australia for 
instructional materials.  Ritzhaupt and Barron (2008) recorded one narrated audio script 
but used two series of images: one series was related to the audio, the other series was 
not.  The authors recorded the 11-minute audio script and used software to compress the 
audio by one of four acceleration speeds: 1.0, 1.5, 2.0, or 2.5.  Then, the authors paired 
each the four audio recordings with both series of images and then randomly assigned 
participants to one of the eight resulting groups.  The authors collected data using a 
demographic survey, one posttest to measure cued-recall, one posttest to measure content 
recognition, and a survey to measure satisfaction.  Ritzhaupt and Barron analyzed the 
data using a series of ANOVA procedures followed by a Tukey HSD procedure when 
any significant differences were identified.  The authors used audio acceleration speed 
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and related/non-related images as between-subjects effects and cued-recall and content 
recognition as within-subjects effects.   
Based on the follow-up research to Ritzhaupt et al. (2008), Ritzhaupt and 
Barron’s (2008) research discovered five important findings.  The first finding was that 
despite the presence or absence of related images, for cued-recall F(3, 297) = 12.96 
participants in the 2.5 acceleration speed groups performed significantly lower than those 
in the 1.0, 1.5, and 2.0 speed groups.  The follow-on Tukey HSD procedure determined 
that the cued-recall mean differences for the 1.0, 1.5, and 2.0 groups were –0.13, –0.09, 
and –0.10 respectively.  This finding demonstrated that there is a speed beyond which 
learners have difficulty retaining information whether or not supporting images are 
present.  The second finding was that despite the presence or absence of related images, 
for content recognition F(3, 297) = 9.74 participants in the 2.5 compression speed groups 
performed significantly lower than those in the 1.0, 1.5, and 2.0 speed groups.  Once 
again, the authors used a follow-on Tukey HSD procedure and determined that the 
content recognition mean differences for the 1.0, 1.5, and 2.0 groups were –0.12, –0.08, 
and –0.10 respectively.  This second finding—similar to the first, demonstrated evidence 
that there is an acceleration speed beyond which learners have difficulty retaining 
information despite the presence of related images.   
The third discovery was that the presence of representational adjunct images had a 
significant positive effect on cued-recall F(1, 297) = 5.59, but not content recognition 
F(1, 297) = 3.26.  This finding demonstrated credence to the positive effects that 
multimedia instructional design principles (Mayer, 2009) can have even in a multimedia 
presentation using time-compression.  The fourth discovery was that the presence of 
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adjunct images had a significantly positive effect on learner satisfaction F(1, 297) = 5.26.  
This finding meant that learners preferred audio when it was paired with related images 
despite the compression speed.  This fourth finding again gives credence to the use of the 
CTML’s modality principle used in the research framework.  The last finding Ritzhaupt 
and Barron discovered was a significant difference in satisfaction and acceleration speed 
F(3, 297) = 54.73 and that learners in each speed group above 1.0 had a significantly 
lower satisfaction rate.  This finding demonstrated that despite the presence of related 
images and the performance at higher acceleration speeds, learners preferred a normal 
rate of audio during the presentation.   
Ritzhaupt and Barron (2008) discussed how future research should consider four 
things: retest the authors’ hypothesis concerning the role of representational images 
during a time-compressed multimedia presentation; incorporate options to allow learners 
to control the audio compression rate during the multimedia presentation; analyze effects 
related to multimedia use and time-compressed instruction that had not yet been included 
in research; and use materials with a higher amount of intrinsic cognitive load for the 
multimedia presentation.  Although, the authors’ research results did not indicate a 
significant positive relationship between time-compressed audio acceleration speed and 
the use of representational images, the results connected the topics together through 
research for a second time.  More importantly, the authors’ research results demonstrated 
a negative effect on cued-recall and content recognition for acceleration speeds above 2.0 
providing evidence of a possible ceiling for compression rates used in future time-
compressed multimedia instruction research.   
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Pastore (2010) has been another major author of current research on time-
compressed multimedia instruction.  Pastore used a research framework similar to 
previous research designs by incorporating the CTML, but expanded the body of 
knowledge by including cognitive load theory.  The author analyzed the effects of various 
audio compression rates and diagrams on learning via multiple measurements, cognitive 
load, and review behaviors.  Pastore conducted a 2 x 3 experimental study with images 
either present or absent and three audio compression rates.   
Pastore (2010) used a convenience sample of 216 undergraduate students 
majoring in education as participants.  For instructional materials, Pastore used a 
multimedia presentation on the physiology and function of the human heart.  The learning 
materials were originally developed in 1965 but have remained in use among 
multidisciplinary research studies (Dwyer, 1965; Lamberski & Dwyer, 1983).  The author 
recorded the 12-minute audio script and used software to compress the audio by one of 
three compression rates: 0%, 25%, or 50%.  The author paired each of the audio 
recordings either with a related diagram or with no image at all and then randomly 
assigned participants to one of the six resulting groups.  The author collected data using 
the following: a demographic survey, a pretest to measure prior knowledge, a drawing 
posttest to measure either understanding of concepts and rules/procedures or to measure 
recall—depending on the presence or absence of images during the presentation, an 
identification posttest to measure recall of factual knowledge, a terminology posttest to 
measure understanding of concepts and rules/procedures, a comprehension posttest to 
measure transfer of problem solving, and a single question to measure cognitive load.  
The author also gathered data by using the multimedia delivery system and tracking 
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participant use of the “back” and “replay” buttons to measure review behavior.  Pastore 
analyzed the data using 2 x 3 ANOVA procedures for the pretest, cognitive load, and 
review behaviors and 2 x 3 MANOVA procedures for four all of the knowledge posttests.  
The author used follow-on Tukey HSD procedures when any significant differences were 
identified.   
Pastore’s (2010) discovered five important findings with his initial study in time-
compressed multimedia instruction.  The first finding was that there were significant 
main effects of visuals on learning across the three of the four posttests.  Specifically, the 
significant main effect of visuals on learning for the drawing, identification, and 
terminology posttests were F(1, 210) = 160.32, F(1, 210) = 59.38, and F(1, 210) = 5.93, 
and in each case the visual groups scored significantly higher than the non-visual groups.    
This first finding added credence to the incorporation of the CTML’s modality principle 
when incorporating time-compression into multimedia instruction.  Similarly, the second 
finding Pastore discovered was that learning was significantly lower at the 50% 
compression speed with or without images.  This finding supported Ritzhaupt and 
Barron’s (2008) results concerning a potential ceiling for compression rate based on the 
results that higher compression rates negatively affected learning.   
The third finding was that there was also a significant main effect of compression 
on learning for the drawing F(2, 210) = 13.44, identification F(2, 210) = 11.27, and 
terminology F(2, 210) = 5.04 posttests, and a follow-on Tukey HSD procedure revealed 
noteworthy results in learner performance on the drawing and identification 
measurements.  Specifically, leaner performance on these two measurements was not 
only significantly better at the 0% and 25% compression rates than at 50%, but also there 
  
29 
was no significant difference between the mean scores of the drawing (p = .093) and 
identification (p = .183) measurements at the 0% and 25% compression rates.  This 
finding revealed that learners were able to experience a multimedia presentation 
compressed at a rate of 25% with an effect on learning similar that of a multimedia 
presentation with no compression.   
The fourth finding was that there was a significant effect for the visual condition 
on cognitive load, F(1, 210) = 31.38 as participants with visuals reported lower levels of 
cognitive load than those without.  Similarly, there was an effect of compression on 
cognitive load, F(2, 21) = 11.04 and participants reported lower cognitive load at 0% and 
25% compression rates than at 50%.  A follow-on Tukey HSD procedure revealed that 
there were no differences between the mean scores for the 0% and 25% compression 
groups (p = .213).  This finding revealed that participants perceived no difference in 
cognitive load between the 0% and 25% compression groups when the multimedia was 
supported by related images.   
The fifth finding was that neither compression rate nor image presence/absence 
significantly affected learner review behaviors.  The review behavior data were gathered 
by tracking a learner’s use of the “back” and “replay” buttons within the multimedia 
interface during the presentation.  Although this finding provided no significant results, it 
could be considered an initial attempt at including learner-control into time-compressed 
multimedia research.   
Pastore’s (2010) findings provided significant results for future research into 
time-compressed multimedia instruction.  The author recommended that future research 
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focus on two things: use different populations to add to the current literature on time-
compressed multimedia and use a qualitative approach to gain a deeper understanding of 
a learner’s experience.  The author’s results demonstrated that multimedia instruction 
might be used to present complex material but have learners retain learned knowledge at 
a compressed rate.  Overall, Pastore’s research was an important landmark in time-
compressed multimedia instruction research because it first analyzed effects on higher-
level learning and cognitive load.   
Ritzhaupt et al. (2011) followed up the previous research of Ritzhaupt and Barron 
(2008), but instead of using the CTML the authors used a framework centered on the 
Conjoint Retention Hypothesis as it relates to dual-coding theory and human cognitive 
architecture.  Ritzhaupt et al. (2011) analyzed the effects of various audio speeds and 
adjunct images on learning during a multimedia presentation.  The authors conducted a 4 
x 2 experimental study with four audio acceleration speeds and two image types.   
Ritzhaupt et al. (2011) used a convenience sample of 153 undergraduate students 
majoring in various topics as participants.  For instructional materials, the authors used 
the same multimedia presentation that was used in the study by Ritzhaupt and Barron 
(2008) and Kealy et al. (2006) concerning the topic of Australia.  Ritzhaupt et al. (2011) 
recorded one narrated audio script but used two series of images: one series was related 
to the audio, the other series was not.  The authors recorded the 11-minute audio script 
and used software to compress the audio by one of four acceleration speeds: 1.0, 1.5, 2.0, 
or 2.5.  Then, the authors paired each the four audio recordings with both series of images 
and then randomly assigned participants to one of the eight resulting groups.  The authors 
collected data using a demographic survey, one posttest to measure recall, and one 
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posttest to measure content recognition.  Ritzhaupt et al. analyzed the data using a series 
of ANOVA procedures followed by a Tukey HSD procedure when significant differences 
were identified.  The authors used audio acceleration speed as a between-subjects effect 
and image type as a repeated measure.   
Ritzhaupt et al. (2011) discovered two important findings in this study.  The first 
finding was that there was a significant main effect on recall from image type F(3, 149) = 
265.58 and acceleration speed F(3, 149) = 8.31, and a follow-on Tukey HSD procedure 
demonstrated that every acceleration group scored significantly higher on recall with the 
exception of the 2.5 group.  This finding demonstrated that related images significantly 
enhanced recall across multiple acceleration speeds with the exception of the 2.5 speed.  
This finding provided evidence for the Conjoint Retention Hypothesis—that jointly 
encoded information was worth more to a learner during the multimedia learning process 
up until the 2.5 acceleration speed groups.  Similarly Ritzhaupt et al.’s (2011) second 
finding was a main effect on recognition from acceleration speed F(3, 149) = 6.786, and a 
follow-on Tukey HSD procedure demonstrated that every acceleration group scored 
significantly higher on recognition with the exception of the 2.5 group.  However, there 
was no significant main effect on recognition from image type F(1, 149) = .685.  Within 
the framework of the Conjoint Retention Hypothesis, this second finding explained the 
difference between the performances on recall and recognition measurements.  Beyond 
the explanations provided via the Conjoint Retention Hypothesis, similar to previous 
research (Pastore, 2010; Ritzhaupt & Barron, 2008) both findings provided further 
evidence concerning a potential ceiling for compression rate based on the results that 
higher compression rates negatively affected learning.   
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Ritzhaupt et al. (2011) recommended that future research focus on two things: 
avoid using time-compressed audio paced at or above the 2.0 acceleration speed and look 
further into conjoint processing as it applies to recognition tasks.  Although the CTML is 
a more commonly accepted theory in multimedia research, Ritzhaupt et al. offered a 
different perspective on time-compressed multimedia by using the Conjoint Retention 
Hypothesis for their study’s framework.  Overall, with this study Ritzhaupt et al. 
expanded into new areas of time-compressed multimedia research, but failed to fill other 
gaps recommended by previous research.   
Pastore (2012) generated a framework nearly identical to his previous study 
(Pastore, 2010), but he also followed up previous research on redundancy by Ritzhaupt et 
al. (2008) and included aspects of redundancy.  Pastore (2012) analyzed the effects of 
various audio compression rates and diagrams with and without redundant text on 
learning via two measurements, cognitive load, and review behaviors.  The author 
conducted a 2 x 3 experimental study with two image types and three audio compression 
rates.   
The author used a convenience sample of 154 undergraduate students either 
majoring or receiving a minor in communication studies as participants.  For instructional 
materials Pastore (2012) used the same multimedia presentation that was used in his 
previous study (Pastore, 2010) concerning the physiology and function of the human 
heart.  Pastore (2012) used one narrated audio script and two series of images.  The 
images in each series were identical except that one series contained redundant text and 
the other series did not.  The author recorded the 12-minute audio script and used 
software to compress the audio by one of three compression rates: 0%, 25%, or 50%.  
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The author paired each of the audio recordings with each series of images and then 
randomly assigned participants to one of the six resulting groups.  The author collected 
data using the following: a demographic survey, a pretest to measure prior knowledge, an 
identification posttest to measure recall of factual knowledge, a comprehension posttest 
to measure transfer of problem solving, and a single question to measure cognitive load.  
The author also gathered data by using the multimedia delivery system and tracking 
participant use of the “back” and “replay” buttons to measure review behavior.  Pastore 
analyzed the data using 2 x 3 ANOVA procedures for the pretest, cognitive load, and 
review behaviors and 2 x 3 MANOVA procedures for both of the knowledge posttests.  
The author used follow-on Tukey HSD procedures when any significant differences were 
identified.   
Pastore (2012) discovered four important findings in this study.  The first finding 
was that there were significant main effects of redundancy on learning between both the 
identification and comprehension posttests.  Specifically, the significant main effect of 
redundancy on learning for the identification and comprehension posttests were F(1, 148) 
= 18.57 and F(1, 148) = 6.24, and in both cases the non-redundant groups scored 
significantly higher than the redundant groups.  This finding demonstrated that regardless 
of compression, redundant text inhibited learning.  Specifically, on both learning posttests 
across all levels of compression, participants that were presented with images containing 
no redundancy consistently outperformed participants presented with images containing 
redundant text.  This finding gave credence to the CTML’s redundancy principle used in 
the author’s research framework.  However, this finding did not agree with the previous 
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results from Ritzhaupt et al. (2008) concerning textual redundancy in time-compressed 
multimedia instruction.   
The second finding was that there was a significant main effect of compression 
rate on both the identification posttest, F(2, 148) = 10.31 and the comprehension posttest, 
F(2, 148) = 10.23, and a follow-on Tukey HSD procedure revealed similar results to 
Pastore’s (2010) previous research.  Specifically, leaner performance on these two 
measurements was not only significantly better at the 0% and 25% compression rates 
than at 50%, but also there was no significant difference between the mean scores of the 
identification (p = .541) and comprehension (p = .652) measurements at the 0% and 25% 
compression rates.  Similar to his previous results, Pastore’s (2012) finding revealed that 
learners were able to experience a multimedia presentation compressed at a rate of 25% 
with an effect on learning similar that of a multimedia presentation with no compression.  
Additionally, this finding supported results by Ritzhaupt and Barron (2008), Pastore 
(2010), and Ritzhaupt et al. (2011) concerning a potential ceiling for compression rate 
based on the results that higher compression rates negatively affected learning.   
The third finding was that Pastore (2012) discovered was a significant main effect 
for compression speeds on cognitive load F(2, 121) = 27.79 and participants reported 
lower cognitive load at 0% and 25% compression rates than at 50%.  A follow-on Tukey 
HSD procedure revealed that the mean scores for the participants in the 0% and 25% 
compression groups did not differ significantly (p = 0.388).  This finding revealed that 
participants perceived no difference in cognitive load between the 0% and 25% 
compression groups when the multimedia was supported by related images.  This finding 
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also supported the idea of a potential ceiling for compression rate based on the results 
that higher compression rates negatively affect perceive cognitive load.   
The fourth finding the author discovered was that neither compression rate nor 
images with or without redundant text significantly affected learner review behaviors.  
Similar to previous results (Pastore, 2010), the review behavior data were gathered by 
tracking a learner’s use of the “back” and “replay” buttons within the multimedia 
interface during the presentation.  Although this finding provided no significant results, it 
could be considered an additional attempt by Pastore (2012) at including learner-control 
into time-compressed multimedia research.   
Pastore (2012) suggested that future research focus on three things: use different 
types of time-compressed multimedia content such as animations or video, analyze 
learner preference concerning the use of time-compression with multimedia, and analyze 
different types of redundancy in time-compressed multimedia (i.e., key words).  The 
author also stated that based on the results of the study, although there might be an 
investment cost with developing or redeveloping quality multimedia instruction, the 
benefit of saving 25% on the time and money involved with using the multimedia over 
the long-term might make time-compressed multimedia instruction worthwhile to 
instructional designers.  Overall, Pastore’s (2015) research not only gave credence to his 
previous results concerning the 25% compression rate, but it also helped expand the 
existing research concerning the redundancy principle of the CTML as it can be applied 
to time-compressed multimedia instruction.   
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In their first combined work, Pastore and Ritzhaupt (2015) discussed the state of 
current time-compressed multimedia research and presented eight design principles for 
practitioners to consider when incorporating time-compression into multimedia learning.  
The eight design principles and a description of each follow.  The first design principle 
the authors developed for practitioners incorporating time-compression into multimedia 
learning is to use visuals with time-compression.  Pastore and Ritzhaupt stated that all of 
their previous research in time-compressed multimedia demonstrated that learning 
outcomes were positively affected by presenting semantically-related visuals with the 
time-compressed audio.  The second design principle is to limit the compression range 
for the learner so that only lower speeds are available for the multimedia presentation.  
The authors pointed out that with time-compressed audio research in the 1960s through to 
recent time-compressed multimedia research; learners have demonstrated a limit to the 
speeds that can be processed before learning degrades.   
The third design principle that practitioners should consider is the level of 
intrinsic cognitive load used in the instructional materials when deciding to incorporate 
time-compression into the multimedia.  Pastore and Ritzhaupt (2015) stated that because 
including time-compression adds extraneous cognitive load to multimedia instruction, the 
complexity of the information presented should be balanced by an amount of learner 
prior knowledge.  The fourth design principle to consider is to build the multimedia using 
small learning objects.  The authors discussed how that using multimedia materials built 
in short clips of several minutes each would help avoid extraneous cognitive load and 
provide learners a rest from the compressed materials.  The fifth design principle is to use 
minimal verbal redundancy in the multimedia.  Pastore and Ritzhaupt discussed how 
  
37 
although there is no clear resolution in the research to determine it, their previous 
research suggests that a small amount of redundancy between the spoken audio and the 
visual component can aid in learning.  Specifically, the authors stated the use of 
redundant key words and concepts—not the verbatim script, aided in learning when the 
multimedia was compressed.   
The sixth design principle Pastore and Ritzhaupt (2015) provided is to help the 
learner activate a referential process by designing the multimedia with related images.  
The authors discussed how their research demonstrated that using images related to the 
spoken text in the multimedia not only helped learners reduce extraneous cognitive load, 
but also aided learners in retaining the content.  The seventh design principle is to provide 
learners control over the compression speed while experiencing the multimedia.  The 
authors’ research discovered that learners might prefer having control over the 
compression rate at which the multimedia is presented.  The eighth and final design 
principle suggested by Pastore and Ritzhaupt is to allow learners the ability to play back 
the multimedia content.  The authors stated that their research demonstrated learners 
should be allowed to play back the time-compressed content for review purposes.  
Overall, with the eight principles Pastore and Ritzhaupt provided guidance for 
practitioners incorporating time-compression into multimedia learning along with 
recommendations for future research.  The authors recommended that future research 
should focus on three things: analyze the use of video as the multimedia, examine how 
long learners can handle simple and complex information presented in a time-compressed 
multimedia format, and incorporate options to allow learners to control the audio 
compression rate during the multimedia presentation.   
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Pastore (2015) followed up previous research and generated a framework similar 
to his previous studies (Pastore, 2010, 2012) but focused on learner preference.  Pastore 
(2015) used a framework based around the CTML as before, but expanded on the 
previous research on learner satisfaction from Ritzhaupt et al. (2008) and Ritzhaupt and 
Barron (2008).  Pastore (2015) analyzed the rate of compression learners prefer when 
viewing multimedia for learning and entertainment purposes.  The author conducted an 
experimental study with images either present or absent within six audio compression 
rates.   
The author used a convenience sample of 92 undergraduate students majoring in 
education in an instructional technology classes as participants.   For instructional 
materials, Pastore (2015) used the same multimedia presentation as was used in his 
previous studies (Pastore, 2010, 2012) concerning the physiology and function of the 
human heart.  Pastore (2015) recorded the 12-minute audio script and used software to 
compress the audio by one of six compression rates: 0%, 10%, 20%, 30%, 40%, and 
50%.  The author created one series of multimedia presentations by pairing each of the 
audio recordings with a related diagram and arranging them in an order by compression 
rate from 0% to 50%.  Then, the author created a second series of presentations by 
pairing each of the audio recordings with no images but arranging them in the same order 
from 0% to 50%.  Next, the author combined the first and second series together which 
resulted in 12 multimedia presentations featuring: six presentations of 0% to 50% 
compression rates with images followed by six presentations of 0% to 50% compression 
rates without images.  Then, the author assigned all participants to one series of 12 
presentations in the order described.  The author collected data using a demographic 
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survey and a survey with five questions—used between each of the 12 presentations, to 
measure learner preference.  The author analyzed the data using a series of repeated 
measures ANOVA procedures and simple effect tests and post hoc analysis procedures to 
examine further interactions.   
Pastore (2015) discovered significant interactions between compression rate and 
images across survey questions one through five F(5, 455) = 4.993, F(5, 455) = 8.43, 
F(5, 455) = 19.13, F(5, 455) = 9.01, and F(5, 455) = 8.78 respectively, and discovered 
three important findings with this study.  The first finding was that across each of the five 
survey questions among the 12 presentations, participants most often preferred that 
images were included when the audio was compressed.  This finding supported CTML’s 
modality principle and gave credence to including related images with time-compressed 
multimedia instruction.  The second finding was that across each of the five survey 
questions among the 12 presentations participants consistently preferred the 10% 
compression speed with accompanying images whether the multimedia was being used 
for instruction or recreation.  The third finding Pastore discovered was that as the 
compression rate of the multimedia increased above 20%, preference for compression 
decreased rapidly as the compression rate increased toward 50%.  This finding revealed 
that although participants have demonstrated the ability to successfully learn at higher 
time-compression rates (Pastore, 2010, 2012), participants actually prefer a lower 
compression rate regardless of the activity they are performing.   
Pastore (2015) recommended that future research focus on three things: examine 
video as a form of multimedia to see what forms of compressed multimedia learners 
prefer, study the qualitative aspects of learner preference, and analyze the amount of time 
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a learner is willing to experience constant time-compressed instruction.  Pastore’s 
research not only helped expand the use of the CTML’s modality principle as it is applied 
to time-compressed multimedia instruction, but it also provided a closer look at learner 
preference when using time-compressed multimedia for uses other than instruction.  
Likewise, the author demonstrated evidence that the potential ceiling for compression 
rate when using time-compressed multimedia might be lower than previous research had 
indicated (Pastore, 2010, 2012; Ritzhaupt et al., 2011; Ritzhaupt & Barron, 2008).   
Most recently, Ritzhaupt et al. (2015) followed up previous research and 
generated a framework similar to previous studies on redundancy (Pastore, 2012; 
Ritzhaupt et al., 2008) and learner preference (Pastore, 2015).  Ritzhaupt el al. (2015) 
analyzed the rate of compression learners preferred and if captions aided in learning 
during a multimedia video.  The authors conducted a 3 x 2 x 2 experimental study with a 
video at three acceleration rates presented either with or without captions and using two 
performance trials.   
Ritzhaupt et al. (2015) used a convenience sample of 147 undergraduate students 
enrolled in an introduction to educational technology course as participants.  For 
instructional materials, the authors used a video from the Public Broadcasting System 
concerning paying for college as the multimedia presentation.  The authors used two 
versions of the video, one with captions and one without.  Next, the authors used software 
to compress each version of the 26-minute video by one of three acceleration speeds: 1.0, 
1.25, or 1.5.  Then, the authors randomly assigned participants to one of the six resulting 
groups.  The authors collected data using a demographic survey, a pretest to measure 
prior knowledge, an identical posttest to measure learning performance, and a survey to 
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measure learner satisfaction.  The authors analyzed the data using a 2 x 3 repeated 
measures ANOVA procedure with acceleration speed and captions as between-subject 
conditions and learning posttests as a repeated measure.  The authors used follow-on 
Tukey HSD procedures when any significant differences were identified.   
Ritzhaupt et al. (2015) discovered four important findings with this research.  The 
first finding the authors discovered was that there was no significant difference in learner 
performance across all acceleration speeds F(2, 141) = 1.08.  This finding added to the 
previous research that analyzed learning and time-compressed multimedia instruction 
(Pastore, 2010, 2012; Ritzhaupt & Barron, 2008; Ritzhaupt et al., 2008).  This finding 
revealed that learners were able to experience a multimedia presentation accelerated up to 
a speed of 1.5 with an effect on learning similar that of a presentation with no 
acceleration.  The second finding was that the absence of captions had a positive 
influence on learner performance F(1, 141) = 4.09.  This finding gave credence to the 
CTML’s redundancy principle similar to previous research (Pastore, 2012) concerning 
textual redundancy in time-compressed multimedia instruction.   
The third finding was that after a significant main effect on acceleration speed 
F(2, 141) = 8.57, satisfaction decreased as the speed increased.  This finding revealed that 
there was statistical significance in favor of the 1.0 speed over the 1.25 or 1.5 speeds and 
gave credence to previous research concerning learning when using time-compressed 
multimedia at higher speeds.  Although previous research (Pastore, 2010, 2012; Ritzhaupt 
& Barron, 2008; Ritzhaupt et al., 2008) demonstrated that learning can occur at a higher 
compression rate, Ritzhaupt et al.’s (2015) third finding remained closer to Pastore’s 
(2015) results that learners actually preferred a slower compression rate.   
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Ritzhaupt et al. (2015) recommended that future research should focus on three 
things: identify the ceiling at which a learner’s cognitive resources are overloaded by the 
compression speed, measure other forms of multimedia learning beyond video, and 
incorporate options to allow learners to control the audio compression rate during the 
multimedia presentation.  The authors built on previous work by not only including an 
analysis of the redundancy principle and learner preference, but also by incorporating 
multimedia video into time-compressed multimedia research for the first time.  Overall, 
the authors expanded previous time-compressed multimedia research, but gaps in the 
literature remain.   
Gaps in Literature 
There are gaps among the previous research into time-compressed multimedia 
instruction despite recommendations for future research.  Many recommendations for 
future research from the authors above have been fulfilled, including: examining video as 
a form of multimedia, seeing what rate of compressed multimedia learners prefer, 
analyzing effects related to multimedia use and time-compressed instruction not 
previously researched (e.g., image presence, textual redundancy), and using multimedia 
materials with a higher amount of intrinsic cognitive load.  However, there were two 
recommendations that were seemingly unfulfilled, including: using different populations 
to add to the current literature on time-compressed multimedia and incorporating options 
to allow learners to control the audio compression rate during the multimedia 
presentation.  These two recommendations each created a significant gap in the literature 
and are discussed further below.   
  
43 
The first gap concerned the recommendation by Ritzhaupt et al. (2008) and 
Pastore (2010) that future research into time-compressed multimedia include different 
populations.  Pastore (2010) stated that including different populations would add breadth 
to the current literature on time-compressed multimedia.  However, of the seven 
experimental research studies on time-compressed multimedia instruction discussed 
above—to include Ritzhaupt et al. (2008) and Pastore (2010), all seven studies sampled 
participants from populations of undergraduate students.  Ritzhaupt et al. (2011) even 
stated that the results of time-compressed research cannot be generalized beyond the 
currently used population of undergraduate students. 
Although researchers outside of time-compressed multimedia have used specific 
populations for analyzing different aspects of multimedia research, undergraduate 
students have primarily been used as a population in this research.  However, there are 
examples of multimedia research using other populations.  Some examples of different 
populations in multimedia research include: Song et al. (2016) sampling a population of 
medical clerkship students; De Smet et al. (2016) sampling a population of 14- to 15-
year-old secondary school students; and Joo et al. (2012) and Kim (2015) sampling 
populations entirely from a corporate environment.  Each of these studies, are primary 
examples why future research in time-compressed multimedia could use a 
methodological approach consisting of a population other than undergraduate students to 
help close this gap in the literature.   
The second gap in literature concerned how research has not focused on analyzing 
the effects of including learner-control over compression speed within a study involving 
time-compressed multimedia.  In fact, of the eight peer-reviewed articles into time-
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compressed multimedia instruction discussed above, four recommended that future 
research incorporate options to allow learners to control the audio compression rate 
during the multimedia presentation (Pastore & Ritzhaupt, 2015; Ritzhaupt & Barron, 
2008; Ritzhaupt et al., 2008, 2015).  Pastore and Ritzhaupt (2015) even included learner-
control in their list of eight design principles for developers looking to create time-
compressed multimedia instruction.   
However, of the same seven experimental research studies discussed above, none 
have incorporated learner-control into the research study.  The closest attempt to 
conducting an analysis of learner-control was Pastore (2010, 2012) including participant 
review behaviors as variables in his research.  Similar to the design principle provided by 
Pastore and Ritzhaupt (2015), Pastore (2010, 2012) gave his participants the ability to 
review the multimedia instructional content during the study.  In doing so, Pastore (2010, 
2012) used the delivery system of his multimedia instruction to track information 
concerning participant use of the “back” and “replay” buttons during the presentation.  
Although Pastore tracked and analyzed participant use of these two interface buttons, in 
two studies (2010, 2012) he discovered no significant effects concerning learner review 
behaviors.  Despite these results Pastore should still be credited for initializing a form of 
learner-control into time-compressed multimedia research.   
Overall, the first recommendation involved a lack within all seven of the 
experimental research studies on time-compressed multimedia instruction discussed 
above.  Similarly, the second recommendation included half of the available peer-
reviewed articles on time-compressed multimedia instruction and spanned the existing 
timeline of available literature on the subject.  However, these gaps in literature had not 
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been a primary focus.  Ultimately, the two gaps in literature—to use a different 
population and incorporate learner-control, in time-compressed multimedia research were 
noteworthy considering the previous research on the subject.   
Analysis of Similar Research Methods 
Concerning similar research methods in time-compressed multimedia instruction, 
of the seven experimental research studies discussed above, all but one used the CTML 
within the research framework.  Similarly, all seven of the above experimental studies 
used a factorial design and analyzed data using ANOVA or MANOVA procedures.  
Although Pastore (2010, 2012) was the only researcher discussed that analyzed the 
effects of time-compressed multimedia on perceived cognitive load, Pastore used the 
same single question measurement in both research studies.  Likewise, of the studies 
discussed above, as research has continued chronologically, authors have consistently 
used previous methodologies in later designs.  Additionally, of the seven experimental 
research studies discussed above, all but one (Ritzhaupt et al., 2008) revealed significant 
main effects for time-compression.  Overall, these facts gave credence to the validity and 
reliability of using previous research methods in a time-compressed multimedia 
instruction study design.   
Summary 
Although research into time-compressed instruction using narrated speech has 
existed for over half a century, in recent years researchers have reinvigorated time-
compressed instruction by integrating it with multimedia research using foundational 
theories in multimedia learning.  Recent authors of the current literature concerning time-
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compressed multimedia have used similar methodologies but analyzed a wide variety of 
topics related to multimedia research.  Likewise, these authors also provided 
recommendations for future research.  However, gaps in the available literature still 
remain, notably: studying the effects of time-compressed multimedia instruction using a 
sample from a different participant population and integrating learner-control into time-
compressed multimedia instruction.  Research methods similar to previous studies were 
used to fill the two identified gaps in literature.  The methodology used for the study is 
detailed in the next chapter.   
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Chapter 3 
Methodology 
 
Overview 
The overall research question guiding this study was: how does integrating 
learner-control into time-compressed multimedia instruction affect learning as measured 
by pretest and posttest scores, and perceived cognitive load as measured by a cognitive 
load instrument?  An overview of the general layout of the study and the overarching 
plan used to conduct the study is described.  First, at least 60 participants were recruited 
via company email or face-to-face interaction and were provided a link to the study 
which unlocked after completing a consent form.  During this process, participants were 
systematically assigned to one of the following two groups: a multimedia treatment group 
and a control group.  Next, participants were given a demographic survey followed by a 
pretest to determine prior knowledge of the subject matter.  Then, participants completed 
the 12.5-minute multimedia presentation through the interface that was assigned to his or 
her group.  Afterward, to measure the dependent variables participants completed a 
posttest for measuring learning and a measurement for perceived cognitive load.  Total 
participation time was approximately 30 minutes.  Last, data from the participants in each 
group was analyzed using statistical software and analysis methods.  Additional details 
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concerning the specific research design, instructional materials, and measurement tools 
are described in the sections below.   
Research Design 
The experimental study used a pretest-posttest control-group design consisting of 
two groups of learners.  Participants were systematically assigned to a group and both 
groups given the same multimedia instruction.  However, only the treatment group was 
given the multimedia interface which consisted of providing learner-control over time-
compression during the instruction.  The control group’s interface did not provide 
participants the ability to control the compression speed.  A diagram of this research 
design can be found in Figure 2.   
 
Figure 2. Research Design Diagram 
The study had one independent variable: multimedia instruction.  The multimedia 
instruction for the control group had an unalterable compression speed of 0%.  However, 
in the treatment group learners had the ability to alter the compression speed of the 
multimedia instruction between two pre-designated speeds: 0% compression or 25% 
compression.  Giving control of the compression speed to the learner had been 
recommended for future research (Pastore & Ritzhaupt, 2015; Ritzhaupt & Barron, 2008; 
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Ritzhaupt et al., 2008, 2015) because previous research had demonstrated that there is no 
significant difference between learning at 0% and 25% compression speeds (Pastore, 
2010, 2012).  Additionally, the choice of capping the maximum compression speed at 
25% was drawn from research that demonstrated how learning declines as the 
compression rate increases above 25% (Pastore, 2010, 2012, 2015; Ritzhaupt et al., 2011; 
Ritzhaupt & Barron, 2008).  Similarly, Ritzhaupt et al. (2015) and Pastore’s (2015) 
results demonstrated that learners prefer compression at speeds lower than 50%.   
The researcher analyzed two dependent variables that had been analyzed in 
previous research.  The researcher used a pretest-posttest design to analyze the effects of 
multimedia instruction on: learning (Pastore, 2010, 2012; Ritzhaupt et al., 2011, 2008, 
2015; Ritzhaupt & Barron, 2008) and perceived cognitive load  (Pastore, 2010, 2012; 
Ritzhaupt et al., 2011).  In addition to analyzing the previously used variables, the 
researcher also expanded time-compressed research by introducing learner-control into 
the treatment group and by sampling participants from a different population of learners 
than what had been used in previous research.  A detailed overview of this research 
design can be found in Table 3.   
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Table 3. 
Research Design Overview 
Study Design: Pretest-Posttest Control-Group 
 
Independent Variable Groups 
Multimedia Instruction Control Group  
(No Learner-Control 
No Time-Compression) 
Multimedia Treatment Group  
(Learner-Control over  
Time-Compression) 
 
Dependent Variables Instruments 
Learning 
Prior Knowledge 
Learned Knowledge 
 
Pretest – 20 Multiple Choice 
Posttest – 20 Multiple Choice 
Perceived Cognitive Load Perceived Cognitive Load Posttest – 1 Seven-Point Likert 
 
Sample 
Sample Size and Pre-analysis Data Screening 
The researcher followed a suggestion from previous time-compressed research 
(Pastore, 2010; Ritzhaupt et al., 2008) and used a specific population for more 
generalizable results similar to other multimedia studies (De Smet et al., 2016; Joo et al., 
2012; Kim, 2015; Song et al., 2016).  The researcher sampled from a population of 
individuals working in a large defense contracting company based in the United States, 
which uses multimedia instruction for employee training.  The researcher invited 97 
individuals to participate—57 via face-to-face and 40 via email, and at the end of the 
collection period 71 individuals had participated.  This total met the minimum of 30 
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participants needed in each group for the data analysis.  Although increasing the sample 
size might have lowered the likelihood that the sample substantially differs from the 
population, having at least 30 participants per group was based on previous time-
compressed research (Pastore, 2010, 2012; Ritzhaupt et al., 2011, 2008, 2015; Ritzhaupt 
& Barron, 2008).   However, before analyzing data the researcher performed a pre-
analysis data screening to ensure that the data sets were complete and did not contain data 
entry errors.  Through this pre-analysis data screening, the researcher discovered that four 
data sets contained errors.  The result was 67 complete and error-free data sets—34 in the 
Control group and 33 in the Treatment Group.  These totals exceeded the minimum 
numbers of 30 participants per group that were needed for the study.   
Demographic Information 
The researcher collected basic demographic information only for descriptive 
purposes, to report data in aggregate, and to provide assurance that the study collected 
data from a representative sample of the population.  Similar to previous time-
compressed research (Pastore, 2010, 2012, 2015; Ritzhaupt et al., 2011, 2008, 2015; 
Ritzhaupt & Barron, 2008) the specific demographic information that was collected 
included: age, gender, and if English was the participant’s primary language.  Participants 
were informed that no identifying information was collected or reported.   
Instrumentation 
Instructional Materials 
The researcher designed the multimedia instruction using materials from 
Occupational Safety and Health Administration (OSHA) concerning the ergonomics of 
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computer workstations (Besser et al., n.d.).  The materials were designed to teach the 
learner about the health and safety of proper ergonomics while working at a computer 
workstation.  The materials consisted of spoken text paired with images.  Similar to 
Ritzhaupt and Barron (2008), the researcher sought multiple experts from both academia 
and industry to evaluate the instructional materials.   
The researcher had six experts review and provide feedback concerning the 
instructional materials.  The researcher chose three experts from the field of educational 
technology—specifically graduates of a doctoral degree program in computing 
technology in education.  The researcher also chose three experts from a corporate 
environment that designed and developed computer-based multimedia training 
professionally.  The reviewers provided critical feedback based on parameters that 
included confirming whether or not the images were representational of the spoken text, 
if each image and textual pairing would help a learner remember information within the 
text, and if each pairing was appropriate for instructional materials (Ritzhaupt, 2008).  
Similar to Ritzhaupt (2008), reviewers rated his or her level of agreement or 
disagreement with each of the three statements across all of the instructional materials.  
The results of this feedback can be found in Table 4.  Additionally, reviewers were asked 
to provide short justification if he or she responded with either strongly disagree or 
disagree to any of the statements concerning the materials.  The researcher also asked 
reviewers to provide any other important or helpful comments about the image and text.  
Overall, the researcher used the provided feedback and incorporated the reviewer 
comments into a final version of the materials (see Appendix A for an excerpt of the final 
materials and associated images).   
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 Table 4. 
Expert Reviewer Results 
In my expert opinion, the image... Strongly 
Agree 
Agree Disagree Strongly 
Disagree 
Is representational of some of the text. 35% 54% 11% 1% 
Would help a learner remember 
information within the text. 
25% 57% 16% 2% 
Is suitable for instructional materials. 28% 51% 16% 5% 
 
Prior Knowledge Pretest 
The researcher used a pretest based on the instructional materials concerning 
ergonomics of computer workstations to measure prior participant knowledge across both 
groups.  The pretest consisted of 20 multiple-choice questions designed to measure 
knowledge of workstation ergonomics (see Appendix B for the pretest).   
Learned Knowledge Posttest 
The researcher used a knowledge posttest based on the instructional materials 
concerning ergonomics of computer workstations to measure knowledge across both 
groups.  The learned knowledge posttest was identical to the prior-knowledge pretest (see 
Appendix B for the posttest).   
Perceived Cognitive Load Instrument 
The researcher used a cognitive load instrument based on prior research by 
Pastore (2010, 2012).  This measure used a single seven-point Likert-scale question and 
measured the effects of compression and learner-control on perceived cognitive load (see 
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Appendix C for the cognitive load instrument).  This single question was based on prior 
research on cognitive load and asked participants to determine how easy or difficult the 
instructional material was to understand (Brünken, Plass, & Leutner, 2003; Pastore, 2010, 
2012).  Pastore (2010, 2012) has cited multiple studies that provided evidence for using a 
single measurement instrument consisting of one direct and subjective question as a 
successful and reliable indicator for measuring cognitive load (Kalyuga, Chandler, & 
Sweller, 1999; Mayer & Chandler, 2001; Pollock, Chandler, & Sweller, 2002).   
Validity and Reliability 
Internal and External Validity 
The researcher strengthened the internal validity of the study by anchoring its 
design in previous research (Pastore, 2010, 2012, 2015; Ritzhaupt et al., 2011, 2008, 
2015; Ritzhaupt & Barron, 2008) and adhering to the design principles recommended by 
Pastore and Ritzhaupt (2015).  The previous research acted as a foundation because it had 
clearly connected the independent and dependent variables used in the study.  The 
researcher strengthened external validity by using similar measurements and analysis 
methods from previous research in time-compressed multimedia instruction.  
Additionally, the researcher added to the generalizability of the results by randomly 
sampling participants from a population different than previous research in time-
compressed multimedia instruction.   
Instrument Validity 
A potential threat to validity within the methodology related to construct validity.  
Pastore (2012) cited multiple studies that provided evidence that using one measurement 
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instrument for capturing perceived cognitive load was sufficient (Kalyuga et al., 1999; 
Mayer & Chandler, 2001; Pollock et al., 2002).  Pastore’s (2010, 2012) research 
framework and results provided further evidence for using only one instrument to capture 
perceived cognitive load.  However, Pastore (2012) also recommended that future studies 
might consider using multiple instruments to measure perceived cognitive load in order to 
improve instrument validity.  As a result, because the researcher used only one 
instrument to measure perceived cognitive load, Pastore’s recommendation introduced a 
potential threat to construct validity in the study.   
Instrument Reliability 
Similar to previous research (Ritzhaupt et al., 2008), the researcher calculated the 
Kuder-Richardson Formula 20 (KR-20) reliability scores to demonstrate the instrument 
reliability for the prior knowledge pretest and learning posttest.  Calculating a KR-20 
score for these tests was ideal because each test consisted of multiple-choice questions 
that were scored dichotomously (Pastore, 2010, 2012; Ritzhaupt et al., 2011, 2008, 2015; 
Ritzhaupt & Barron, 2008).  The resulting KR-20 reliability score for the learning 
measurements is described in the next chapter.   
Data Analysis 
The researcher investigated descriptive statistics prior to performing inferential 
statistics—specifically the ANOVA procedure.  Next, the researcher conducted a 
Levene’s test for both dependent variables, learning and cognitive load, to test for the 
assumption of equal variances (Pastore, 2010, 2012; Ritzhaupt et al., 2011, 2008, 2015; 
Ritzhaupt & Barron, 2008).  Additionally, the researcher used the skewness and kurtosis 
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of the dependent variables to evaluate the normality assumption (Pastore, 2010, 2012, 
2015; Ritzhaupt & Barron, 2008; Ritzhaupt et al., 2008, 2015).  Finally, due to the 
research design using systematically assigned participants the researcher assumed no 
violations of the independence assumption.   
After investigating descriptive statistics and determining the data met the 
appropriate statistical assumptions, the researcher analyzed each of the research 
hypotheses using the data analysis methods found in Table 5.  The researcher analyzed 
the first hypothesis similar to Pastore (2010, 2012) using a one-way ANOVA procedure 
to analyze learning using the results of the knowledge tests.  The second hypothesis was 
analyzed using similar methods by using a one-way ANOVA to examine the effect of the 
multimedia instruction on perceived cognitive load between both groups.   
Table 5. 
Analysis Methods for Hypotheses 
Hypothesis Analysis Method 
H1: There will be no statistically significant 
difference in the level of learning among 
participants in the multimedia treatment 
group and the control group.   
One-way ANOVA for between subjects on 
Learning using results of Prior Knowledge 
Pretest and Learned Knowledge Posttest 
H2: There will be no statistically significant 
difference in the level of perceived 
cognitive load among participants in the 
multimedia treatment group and the control 
group. 
One-way ANOVA on Cognitive Load 
variable using results of Cognitive Load 
Instrument 
 
The researcher tested for statistical significance by using the ANOVA method and 
computing F ratios as opposed to computing t tests for each set of means.  The ANOVA 
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method lowered the chance of committing a Type I error—incorrectly rejecting a null 
hypothesis.  Additionally, the researcher set the alpha to 0.05 for all analyses unless the 
Levene’s test demonstrated that one of the dependent variables did not achieve 
homogeneity of variance.  Pastore (2010, 2012) recommended that—for the learning 
variable, if the assumption of equal variances was not met then the alpha should be set to 
0.025 rather than 0.05.  As a result, the alphas were to be adjusted to 0.025 as necessary if 
homoscedasticity was not achieved after the Levene’s test was performed for both 
dependent variables.   
Institutional Review Board and Human Subjects 
The researcher used a multimedia interface to conduct surveys involving human 
subjects.  However, before study began the researcher acquired Institutional Review 
Board (IRB) approval to ensure that the welfare and rights of the human subjects 
involved were adequately protected and that appropriate practices were carried out.  The 
IRB approval process involved multiple steps during the dissertation proposal stage.  The 
first step involved ensuring the researcher had a current completion report from the 
Collaborative Institutional Training Initiative (CITI) program.  The second step consisted 
of completing IRB Submission forms related to the study.  The final step consisted of 
receiving an IRB approval letter (see Appendix D for the letter) to conduct the research 
involving human subjects.   
Considerations 
Considerations for the researcher’s study are described.  This study and its 
materials were made available to the employees via the internet in a manner similar to 
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how the company delivers internal multimedia training.  Participants needed 
approximately 30 minutes to participate and the materials for the study were made 
available for two weeks to allow participants time to complete the study.  After the two 
week period had passed, the researcher collected participant data from each group for 
data analysis.  The researcher ensured that each step discussed in the procedures below 
functioned correctly prior to initiating the study.   
Procedural considerations included: ensuring participants were granted 
appropriate access to the different sections of the study in the correct order, ensuring 
participants were systematically assigned to a group, and ensuring the system hosting the 
study accurately tracked each participant in association with his or her data.  The 
researcher developed an environment that accomplished these considerations.  The 
researcher also implemented a pilot test of the study involving six participants—a 
minimum of three participants for each group, prior to implementing the full study.  This 
process gave the researcher time to adjust procedures as necessary.   
Procedures 
The researcher used the following procedures to perform the dissertation research.  
Each participant was either recruited verbally or through company email (see Appendix E 
for the email recruitment message).  Each participant was then sent a message with a link 
and further instructions to the email that each participant provided (see Appendix F for 
the email with the instructions and link for the study).  The participants were then able 
begin accessing the study’s web interface (see Appendix G for various screen captures of 
the study’s web interface).  Access to the study remained limited based the email address 
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that had been provided and entry into the study remained locked until the participant 
read, signed, and submitted the consent form through the interface (see Appendix H for 
the formatted consent form).  The participant was required to use his or her first name, 
last name, and email address to sign the consent form.  Then, the participant then 
submitted the consent form by clicking a submit button.  After submitting the form, each 
participant was emailed a plain text copy of the completed consent form and was 
provided access to the study.  It was estimated that reading, signing, and submitting the 
consent form took about five minutes to complete.  This portion of the procedure was 
designed to not only keep individuals outside the study from gaining access, but also to 
ensure each volunteer participated only once.   
After submitting the consent form the user was systematically assigned to either 
the control group or the treatment group.  This assignment remained invisible to the 
participant but was needed to track participation in the study and de-identify each 
participant’s results from the personal information captured for the consent form.  After 
the group assignment occurred, each participant was taken to the next page where he or 
she completed a demographic survey which took less than one minute to complete.  Next, 
each participant was guided to the next page where he or she completed a pretest 
consisting of 20 multiple-choice questions measuring the existing knowledge of each 
participant.  The pretest took about seven minutes to complete.   
Then, on the following page each participant was provided a quick introductory 
instructional video that described the presentation’s interface and pointed out the various 
features available to the user (see Appendix I for the spoken text that was used in both 
introductory videos).  Participants in the control group were informed of how to start and 
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pause the presentation, how to control the sound, how to review the presentation once it 
had been entirely watched at least once, and how to continue past the presentation when 
the participant felt ready.  Participants in the treatment group received the exact same 
introductory video with one exception.  The introductory video for participants in the 
treatment group included identification of the button that would be used to control the 
speed of the presentation.  The introductory video for either group took less than one 
minute and was presented using the same interface according to group.  After the 
introductory video, participants began the instructional presentation within the interface 
for the group which he or she had been systematically assigned.  The instruction at 0% 
compression took 12.5 minutes to complete.   
After completing the instruction, each participant was then guided to a knowledge 
posttest page containing the same 20 multiple choice questions as the pretest.  The 
posttest took about seven minutes to complete.  Upon completing the knowledge posttest 
each participant was taken to a page containing a single question cognitive load 
instrument.  The cognitive load instrument took less than a minute to complete.  After 
submitting the cognitive load instrument each participant was then guided to a final page.  
The final page of the study thanked the participant for his or her participation and stated 
that he or she may close the browser that was used during the study.   
During each stage of the study, participants were unable to return to a previous 
page of the study.  However, before being able to advance through each page of the 
study, participants were required to click a “Continue” button.  The “Continue” button 
also marked where a participant was in the study.  For example, if a participant tried to 
use a browser’s ‘back’ button then a message appeared stating that the participant was 
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likely on the wrong page.  When this occurred, the participant was redirected to the last 
page he or she was on before clicking that page’s “Continue” button.  However, it is also 
worthwhile to note that if a participant mistakenly received the error message while 
advancing through the study, the error page also contained the researcher’s contact 
information and suggested the participant contact the researcher.  Total participation time 
in the study was approximately 30 minutes and the study was open for a two week 
period.  After the two-week period the researcher closed the study, collected the data, and 
began data analyses procedures using statistical software and analysis methods.  An 
overview of the study’s process for each participant is found in Figure 3.   
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Figure 3. Procedures of the Study for each Participant 
Resources 
The researcher used the following software resources to create and deploy the 
multimedia instruction and measurements.  The researcher used the free, open-source 
sound editor Audacity™ (http://audacity.sourceforge.net/) to record and edit the narrated 
audio component (Pastore, 2010, 2012).  Next, the researcher used Microsoft™ 
Recruited Verbally or Email 
Provided Link to Web Interface 
Read, Signed, and Submitted Consent Form 
Received Completed Consent Form via Email 
Randomly Assigned to Group  
Completed Demographic Survey 
Completed Pretest 
Completed Introductory Instructional Video 
Completed Multimedia Presentation 
Completed Posttest 
Completed Cognitive Load Instrument 
Thanked 
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PowerPoint™ to create, edit, and combine the visual and audio components to create the 
multimedia instruction.  Next, the researcher used HTML5 and Python to construct the 
online environment that hosted the study and captured each participant’s data.  The 
environment was hosted on the internet using Amazon Web Services 
(http://aws.amazon.com/).  Finally, the researcher used GNU PSPP statistical analysis 
software to analyze the quantitative data.   
Summary 
The study described used an experimental design involving two groups of learners 
given the same multimedia instruction, but one group was given a treatment involving 
learner-control over compression speed.  Participants in the control group had no control 
over the speed of compression and experienced the multimedia instruction at normal 
speed (0% compression).  Conversely, participants in the treatment group had the ability 
to control the compression speed of the multimedia instruction between one of two pre-
designated speeds: 0% or 25%.  The researcher collected data on two dependent variables 
using a pretest-posttest design and analyzed the effects of multimedia instruction on 
learning and perceived cognitive load.  The researcher sampled 71 total participants from 
a population of individuals working in a large defense contracting company.  The 
researcher designed the multimedia instruction from OSHA materials concerning the 
ergonomics of computer workstations that consisted of spoken text paired with images.  
The researcher used descriptive statistics and ANOVAs to analyze the results of the 
prior-knowledge pretest, learned knowledge posttest, and perceived cognitive load 
instrument to test the two hypotheses.  The results are described in the next chapter.   
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Chapter 4 
Results 
 
Overview 
The purpose of this study was to determine how integrating learner-control into 
time-compressed multimedia instruction affected learning and perceived cognitive load.  
The researcher measured learning using pretest and posttest scores, and measured 
perceived cognitive load using a cognitive load instrument.  In this chapter the researcher 
describes the results of the study that was outlined in the methodology chapter.  The 
researcher also collected demographic information for each participant along with data 
that determined if participants used the interface to review the instructional presentation.  
The researcher describes the analysis methods that were used to analyze the data and 
explain the findings made during data analysis.  Finally, the researcher provides a 
summary of the results as it relates to the hypotheses that guided the research.   
Data analysis 
The researcher performed a pilot test beginning on 08 May 2016 and ending on 11 
May 2016.  The researcher had six participants that were not members of the population 
take part in the pilot test.  After the pilot test concluded, the researcher made some minor 
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adjustments to the study.  Specifically, the researcher corrected one wording error in a 
pretest/posttest question and adjusted the way the post-processing script ran through the 
data to better identify and prevent data entry errors.  The pilot test helped the researcher 
finalize the study’s process so that it would be very difficult for a participant to cause any 
data entry errors.  After the adjustments from the pilot test were incorporated, the 
researcher recruited participants for the study.   
The researcher invited 97 individuals to participate—57 via face-to-face and 40 
via email. At the end of the data collection period, 71 individuals had participated.  The 
data collection period lasted two weeks, beginning on 18 May 2016 and ending on 01 
June 2016.  The researcher performed a pre-analysis data screening and discovered that 
four data sets contained errors.  These errors consisted of the participants being redirected 
to the instructional presentation.  This meant that each of these four participants could 
have watched the presentation multiple times without the system tracking it (e.g., 
refreshing the page without selecting the “Continue” button).   
However, this error alone was not enough to throw out the data completely 
because—following Pastore and Ritzhaupt’s (2015) recommendation, participants were 
allowed to review the presentation after viewing it at least once in its entirety.  Although 
the system would not be able to track the participant’s review of the presentation in these 
few cases, there was an additional error that caused the data to be unusable.  For these 
four data sets the system registered unusual timestamps between completing the 
presentation and completing the posttest.  In each of these four cases, the amount of time 
between completing the presentation and completing the posttest ranged from a few hours 
to a few days.  Although the researcher had not specified in the study’s instructions that 
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participating in the study should be completed in one sitting, the researcher had assumed 
that informing volunteers that participation only took approximately 30 minutes would 
cause most individuals to complete the study in one continuous time period.  Participants 
being redirected to the presentation along with the presence of significant time between 
the presentation and posttest sections of the study violated the researcher’s assumption 
for each participant to use his or her genuine effort to complete the study.  As a result, the 
researcher deemed these four data sets unusable.  Overall, complete and error-free data 
sets were obtained from 67 participants—34 in the control group and 33 in the treatment 
group, which exceeded the minimum number of 60 participants that were needed for the 
study.   
Table 6. 
Participant Demographic Information 
Age Range 20-29 30-39 40-49 50-59 60+ Total 
Frequency 2 9 17 33 6 67 
Percent 2.99 13.43 25.37 49.25 8.96 100.00 
Gender    Male Female Total 
Frequency    53 14 67 
Percent    79.10 20.90 100.00 
English as Primary Language   Yes No Total 
Frequency    64 3 67 
Percent    95.52 4.48 100.00 
 
The collected demographic information included Age Range, Gender, and English 
as Primary Language.  Refer to Table 6 for more information concerning participant 
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demographics.  Nearly half of the participants (49.25%) in the study were in the age 
range of 50-59.  Also, the majority of participants were male (79.10%) and identified 
English as his or her primary language (95.52%).   
After analyzing the demographic data, the researcher analyzed the dependent 
variables: learning and perceived cognitive load.  The researcher scored the responses for 
the multiple-choice questions dichotomously and calculated a KR-20 reliability score for 
the pretest and posttest.  The learning measurements yielded a value of .67, and according 
to Ritzhaupt et al. (2011) a reliability score above .60 is considered satisfactory for a 20-
item test.  Once reliability for the learning tests was determined, the researcher analyzed 
the descriptive statistics for the pretest and posttest results.  The scores for both the 
pretest and the posttest could range from zero to twenty.  The average pretest score across 
both the control and treatment groups was 12.18 (60.90%), and the average posttest score 
across both groups was 16.93 (84.63%).  Table 7 contains the descriptive statistics for the 
pretest and posttest scores by group.   
The researcher also analyzed descriptive statistics for the dependent variable 
cognitive load.  The cognitive load measure was a single seven-point Likert-scale 
question used by Pastore (2010, 2012) that asked participants to rate how easy or difficult 
the material was to understand with 1 being “Very Easy” and 7 being “Very Difficult.”  
The average rating for the cognitive load measure across both groups was 1.51.  Table 7 
contains the descriptive statistics for the cognitive load measure rating by group.   
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Table 7. 
Descriptive Statistics for Pretest, Posttest, and Cognitive Load Measure 
 Pretesta Posttesta Cognitive Load Measureb 
Group (N) M (SD) M (SD) M (SD) 
Control (34) 11.76 (1.97) 16.56 (2.86) 1.50 (.83) 
Treatment (33) 12.61 (1.71) 17.30 (2.16) 1.52 (.71) 
Total (67) 12.18 16.93 1.51 
a Scores could range from 0-20 possible points. b Rating could range from 1-7 difficulty. 
 
Findings 
An ANOVA was conducted to examine the effects of the independent variable 
multimedia treatment on the dependent variables learning and perceived cognitive load 
through the pretest and posttest scores and the results of the cognitive load measure.  
However, prior to conducting the ANOVA procedure the following three assumptions 
were checked: the assumption of equal variances, the normality assumption, and the 
assumption of independence.  A Levene’s test was used to test the assumption of equal 
variances and it was determined that homoscedasticity was achieved for the Pretest (p = 
.30), the Posttest (p = 1.35), and the Cognitive Load Measure (p = .65).  As a result, the 
alpha value for each of the dependent variables was kept at 0.05 (Pastore, 2010, 2012).  
The skewness and kurtosis were examined to check the normality assumption and it was 
determined that there were no major violations of normality and the skewness and 
kurtosis values were within acceptable ranges.  Although data were statistically slightly 
skewed and platykurtic, the variations were not enough to violate the normality 
assumption (Tabachnick & Fidell, 2013).  Tabachnick and Fidell (2013) also describe 
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how the shape of the data once graphed can provide insight beyond the statistical values.  
Refer to Figure 4 and Figure 5 for the pretest and posttest data in histogram respectively.  
Concerning the assumption of independence, the researcher determined that there was no 
violation because the participants were systematically assigned during the study.   
 
Figure 4. Histogram of Pretest Scores 
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Figure 5. Histogram of Posttest Scores 
One-way ANOVA procedures were conducted on the dependent variables to test 
the hypotheses, refer to Table 8 for the results.  It was discovered that there was no 
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significant difference in the scores between treatment and control groups as determined 
by a one-way ANOVA procedure for the pretest F(1,65) = 3.47, p = .067 and posttest 
F(1,65) = 1.44, p = .235.  Similarly, there was no significant difference in the ratings of 
the cognitive load measure between treatment and control groups as measured by a one-
way ANOVA procedure F(1,65) = .01, p = .936.   
Table 8. 
One-way ANOVA Results for Pretest, Posttest, and Cognitive Load Measure by 
Treatment Group (n=34) and Control Group (n=34) 
Source Sum of Squares df Mean Square F Sig. 
Pretest Score 
Between Groups   11.85   1 11.85 3.47 .067 
Within Groups 222.00 65   3.42   
Total 233.85 66    
Posttest Score 
Between Groups     9.27   1   9.27 1.44 .235 
Within Groups 419.35 65   6.45   
Total 428.63 66    
Cognitive Load Measure 
Between Groups      .00   1   .00   .01 .936 
Within Groups   38.74 65   .60   
Total   38.75 66    
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Concerning the use of the presentation review, in order to ensure that each 
participant watched the entire presentation at least once—and to accurately track 
participant use of the speed option, the ability to review the presentation was only 
available after the entire presentation had been viewed at least once.  Then, after the 
presentation was viewed at least once, participants could review the presentation as 
necessary and the system would track it.  Of the total participants (n=67), only eight 
participants (11.94%) chose to review the presentation.  A one-way ANOVA procedure 
determined there was no significant difference on the use of reviewing the presentation 
on the pretest F(1,65) = .10, p = .756, posttest F(1,65) = .68, p = .412, or cognitive load 
measure F(1,65) = 2.13, p = .150.  It is also worth noting that of the eight participants that 
chose to review the presentation, four were in the treatment group and four were in the 
control group.  Of the four participants that were in the treatment group, only one 
participant used the speed option during the presentation.   
Concerning the use of the speed option, of the total participants in the treatment 
group (n=33), seven participants (21.21%) chose to speed up the presentation.  Of the 
seven participants that sped up the presentation, the average amount of time spent 
watching the 12.5-minute presentation with the speed increased was 96.55% (upper 
100% and lower 82.59%).  Because only one-fifth of the participants in the treatment 
group used the speed option (n=7) the researcher pursued further analysis.  Separate one-
way ANOVA procedures were conducted to compare the data of the participants in the 
treatment group that used the speed option against other subsets of participant data.  The 
following discussion outlines this additional portion of the data analysis.   
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First, the researcher conducted a one-way ANOVA procedure between the 
participants in the treatment group (TGP) that used the speed option (n=7) and the 
participants in the treatment group that did not use the speed option (n=26).  Refer to 
Table 9 for the results.  It was discovered that there was no significant difference in the 
scores between these two subsets on either the pretest F(1,31) = .87, p = .358 or posttest 
F(1,31) = .13, p = .717.  Similarly, a one-way ANOVA procedure determined there was 
no significant difference between the rating on the cognitive load measure F(1,31) = .05, 
p = .818 between the two subsets.   
Table 9. 
One-way ANOVA Results for TGP that used the speed option (n=7) and TGP that did not 
use the speed option (n=26) 
Source Sum of Squares df Mean Square F Sig. 
Pretest Score 
Between Groups     2.56   1   2.56   .87 .358 
Within Groups   91.32 31   2.95   
Total   93.88 32    
Posttest Score 
Between Groups      .64   1     .64   .13 .717 
Within Groups 148.33 31   4.78   
Total 148.97 32    
Cognitive Load Measure 
Between Groups      .03   1     .03   .05 .818 
Within Groups   16.21 31     .52   
Total   16.24 32    
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Second, the researcher conducted a one-way ANOVA procedure between the 
participants in the treatment group that used the speed option (n=7) and the participants in 
the control group (CGP) (n=34) that did not have a speed option.  Refer to Table 10 for 
the results.  It was discovered that there was no significant difference in the scores 
between these two subsets on either the pretest F(1,39) = 2.97, p = .093 or posttest 
F(1,39) = .72, p = .403.  Similarly, a one-way ANOVA procedure determined there was 
no significant difference between the rating on the cognitive load measure F(1,39) = .05, 
p = .828 between the two subsets.   
Table 10. 
One-way ANOVA Results for TGP that used the speed option (n=7) and CGP (n=34) 
Source Sum of Squares df Mean Square F Sig. 
Pretest Score 
Between Groups   11.03   1 11.03 2.97 .093 
Within Groups 144.97 39   3.72   
Total 156.00 40    
Posttest Score 
Between Groups     5.95   1   5.95   .73 .403 
Within Groups 324.10 39   8.31   
Total 330.05 40    
Cognitive Load Measure 
Between Groups      .03   1     .03   .05 .828 
Within Groups   24.21 39     .62   
Total   24.24 40    
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Third, the researcher conducted a one-way ANOVA procedure between the 
participants in the treatment group that used the speed option (n=7) and the participants in 
the control group combined with the participants in the treatment group that did not use 
the speed option (n=60).  Refer to Table 11 for the results.  It was discovered that there 
was no significant difference in the scores between these two subsets on either the pretest 
F(1,65) = 2.08, p = .154 or posttest F(1,65) = .50, p = .483.  Similarly, a one-way 
ANOVA procedure determined there was no significant difference between the rating on 
the cognitive load measure F(1,65) = .05, p = .817 between the two subsets.   
Table 11. 
One-way ANOVA Results for TGP that used the speed option (n=7) and CGP combined 
with TGP that did not use the speed option (n=60) 
Source Sum of Squares df Mean Square F Sig. 
Pretest Score 
Between Groups     7.26   1   7.26 2.08 .154 
Within Groups 226.59 65   3.49   
Total 233.85 66    
Posttest Score 
Between Groups     3.26   1   3.26   .50 .483 
Within Groups 425.36 65   6.54   
Total 428.63 66    
Cognitive Load Measure 
Between Groups      .03   1     .03   .05 .817 
Within Groups   38.71 65     .60   
Total   38.75 66    
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Table 12. 
One-way ANOVA Results for TGP that did not use the speed option (n=26) and CGP 
(n=34) 
Source Sum of Squares df Mean Square F Sig. 
Pretest Score 
Between Groups     7.15   1   7.15  2.05 .158 
Within Groups 202.58 58   3.49   
Total 209.73 59    
Posttest Score 
Between Groups    6.65   1   6.65  1.06 .308 
Within Groups 365.00 58   6.29   
Total 371.65 59    
Cognitive Load Measure 
Between Groups      .00   1     .00   .00 1.000 
Within Groups   37.00 58     .64   
Total   37.00 59    
 
Finally, the researcher determined it would be worthwhile to conduct an ANOVA 
among only the data involved with participants that did not use or have access to the 
speed option.  As a result, the researcher conducted a one-way ANOVA procedure 
between the participants in the treatment group that did not use the speed option (n=26) 
and the participants in the control group (n=34).  Refer to Table 12 for the results.  It was 
discovered that there was no significant difference in the scores between these two 
subsets on either the pretest F(1,58) = 2.05, p = .158 or posttest F(1,58) = 1.06, p = .308.  
Similarly, a one-way ANOVA procedure determined there was no significant difference 
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between the rating on the cognitive load measure F(1,58) = .00, p = 1.000 between the 
two subsets.   
With no significant difference among any of the additional ANOVA procedures, 
the researcher also analyzed the descriptive statistics concerning only the participants in 
the treatment group.  The purpose of this additional analysis was to see if Age Range, 
Gender, or English as Primary Language could have affected use of the speed option 
among participants in the treatment group.  Refer to Table 13 for the results.  Two of the 
results from this additional demographic analysis are noteworthy.  First, of the four 
treatment group participants that were in the age range 60+, zero chose to use the speed 
option.  Similarly, none of the six female treatment group participants chose to use the 
speed option.   
Table 13. 
TGP Demographic Information 
Age Range 20-29 30-39 40-49 50-59 60+ Total 
Used Speed 0 1 3 3 0 7 
No Speed 1 2 6 13 4 26 
Gender    Male Female Total 
Used Speed    7 0 7 
No Speed    20 6 26 
English as Primary Language   Yes No Total 
Used Speed    7 0 7 
No Speed    25 1 26 
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Summary of Results 
The researcher used descriptive and inferential statistics to analyze the data that 
was collected during the study to determine how integrating learner-control into time-
compressed multimedia instruction affected learning and perceived cognitive load.  The 
researcher used data collected from a pretest and posttest and a cognitive load instrument 
to investigate the hypotheses.  Refer to Table 14 for the summary state of each 
hypothesis.   
Table 14. 
Hypotheses Summary 
Hypothesis Rejected or  
Failed to Reject 
H1: There will be no statistically significant difference in the 
level of learning among participants in the multimedia 
treatment group and the control group.   
Failed to Reject 
H2: There will be no statistically significant difference in the 
level of perceived cognitive load among participants in the 
multimedia treatment group and the control group. 
Failed to Reject 
 
The findings from the original data analysis failed to reject both hypotheses, in 
that there was no difference in learning or perceived cognitive load between the treatment 
group and the control group.  The researcher also performed additional analysis 
procedures on subsets of data, but the additional findings also failed to reject both of the 
hypotheses that guided the study.  The conclusions, implications, and recommendations 
from this discovery are detailed in the next chapter.  
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Chapter 5 
Conclusions, Implications, Recommendations, and Summary 
 
Conclusions 
The conclusions of this study are based on the results of the data analysis.  
Through the data analysis, the researcher failed to reject both hypotheses used to guide 
the study.  The primary conclusion is that incorporating learner control into time-
compressed multimedia did not have a significant effect on learning or perceived 
cognitive load.  A secondary conclusion is based on the additional analyses that were 
performed on the data concerning the subset of participants (n=7) that increased the speed 
of the presentation as compared to other subsets of participant data.  This secondary 
conclusion is that the controlled use or non-use of time-compression during a multimedia 
presentation did not have a significant effect on learning or perceived cognitive load.  An 
unexpected tertiary conclusion is that the majority of participants with the option to speed 
up the multimedia presentation chose not to increase the compression speed of the 
presentation.   
The goal for this study was to extend experimental inquiry designed from 
previous research in time-compressed multimedia instruction.  The following objectives 
were accomplished.  The multimedia presentation used was compressed at two rates (0% 
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and 25%) consisting of narrated audio paired with static images.  The effects on learning 
were measured by a pretest and a posttest while perceived cognitive load was measured 
by a single seven-point Likert-scale question.  An experimental design was used that 
extended previous research by both drawing from a different population of participants 
and integrating learner-control in the study.  A random sample of more than the required 
60 participants were recruited from a population of working individuals from a large 
defense contracting company based in the United States.  Participants were systematically 
assigned to either a control group or treatment group, and the data were collected and 
analyzed as described in the methodology.    
The major strength of this study is that it was solidly founded on previous 
research in the field of time-compressed instruction.  Not only did the researcher design 
the methodology directly from previous research studies, but the researcher also followed 
recommendations from the same literature to help guide the study’s design and expand 
the body of knowledge.  Specifically, the study followed multiple recommendations from 
primary researchers in the field (Pastore & Ritzhaupt, 2015; Ritzhaupt & Barron, 2008; 
Ritzhaupt et al., 2008, 2015) and analyzed the effects of integrating learner-control into a 
time-compressed multimedia study.  Similarly, the study followed other 
recommendations from the same primary researchers in time-compressed multimedia 
(Pastore, 2010; Ritzhaupt et al., 2008) and sampled participants from a population outside 
of academia—employees in industry.   
The study had one weakness concerning the additional data analyses beyond what 
was originally described in the methodology.  The original methodology planned to 
compare the data from the participants in the control group with the data from those in 
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the treatment group.  An analysis of this data determined that there was no significant 
difference between each group on either dependent variable: learning or perceived 
cognitive load.  However, it was discovered that the majority of the participants in the 
treatment group did not use the compression speed option (n=26).  As a result, the 
researcher performed additional analyses of data subsets to compare the data from only 
those participants that used the compression speed option (n=7) with other combinations 
of participant data.  Through these additional analyses the researcher failed to reject both 
hypotheses.  However, there is weakness related to comparing such a small number of 
data sets (n=7) against much larger data sets (e.g., n=34, n=60) when the previous 
research only compared data among groups of similar size, particularly around the 
originally suggested number of 30 participants per group (Pastore, 2010, 2012; Ritzhaupt 
et al., 2011, 2008, 2015; Ritzhaupt & Barron, 2008).   
There were two limitations in this study.  The first limitation is that the researcher 
was unable to control the environment in which the participants completed the study.  
The researcher made the study available online, but it was up to the individual to 
participate either in the same environment in which he or she would normally complete 
corporate computer-based training or in a different environment.  In either case, the 
researcher was unable to control outside distractors or events during participation (e.g., 
power or internet outages, ambient noise).  The second limitation was that the researcher 
was only able to recruit participants from among a handful of departments in the 
company.  This limitation was due to restrictions within the company and the result was 
that the participants sampled for this study were less representative of all learners in a 
corporate environment.   
  
82 
Implications 
The contributions from this study align with findings from previous research in 
the field of time-compressed multimedia.  This study demonstrated findings similar to 
Pastore (2010, 2012) in that there was no significant difference in learning between the 
control group with 0% compression speed or the treatment group at selectable 
compression speeds of 0% and 25%.  Likewise, similar to Pastore (2015) and Ritzhaupt 
et al. (2015), the results of this study imply that learners prefer lower compression 
speeds.   
The implications of this research are that more instructional designers in both 
industry and academia should consider incorporating an option for learners to compress 
the speed of a well-designed multimedia presentation.  By integrating more use of time-
compressed multimedia, users could have the option of learning at a faster rate without a 
loss in learning or without an overburdening of cognitive load.  Based on this result, as 
suggested by Pastore (2010) and Ritzhaupt et al. (2008) instructional content providers in 
industry could positively affect a company’s training budget by providing employees an 
option to reduce the amount of time needed to complete required training.  Similarly, 
designers in an academic setting could help students learning via multimedia 
presentations by providing an option to learn the content at a faster rate.   
However, the results of this study do not apply to every multimedia presentation 
across every learning environment.  As a result, more research is needed on ways to 
implement time-compression technology so that more data can be collected and analyzed, 
to in turn improve the efficiency and effectiveness of how the technology is implemented.  
  
83 
Although the technology to create time-compressed multimedia continues to increase in 
availability (Pastore & Ritzhaupt, 2015; Pastore, 2015; Ritzhaupt et al., 2015), data 
concerning how users interact with time-compressed multimedia is needed and would 
greatly benefit future research in this field of study.     
Another implication from this study concerns the number of participants from the 
treatment group that used the compression speed option.  Although all participants in 
both groups were presented with an introductory instructional video explaining the 
purpose of the buttons available for use during the presentation, only one-fifth of the 
participants in the treatment group used the compression speed option.  This implies that 
future research should analyze the effects of explaining more about time-compression to 
the participant before the presentation.  For example, providing information to the 
participant concerning what time-compression is and what current research says about it 
could affect participant use of the technology during the presentation.   
An additional implication for future research that can be derived from this study 
concerns the use of the compression speed among participants in the treatment group.  
This study did not analyze why participants in the treatment group chose or avoided using 
the compression speed functionality.  For example, participants in this study could have 
been unsatisfied with having only two choices of compression speed, or maybe were 
fearful of missing content by increasing the speed.  Additionally, based on the results, 
participant demographics (e.g., age, gender) may affect a participant’s use of 
compression speed.  Despite speculations, future research would benefit from offering 
more speed options to the user and consider collecting data concerning why participants 
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chose one compression speed option over another, and to what extent personal 
satisfaction or demographics affected choice.   
A final implication from this study concerns participant population.  This study 
sampled a population outside of academia, but the results imply that it would be 
worthwhile to sample a multitude of various populations.  It is implied that future 
research should sample different populations to continue to improve the generalizability 
of the results.  To better expand the body of knowledge, not only should more 
populations be sampled from within industry, but also from elsewhere within academia.   
Recommendations 
Future research should look to replicate at least one aspect of this study by 
providing learners the ability to control the compression speed during a multimedia 
presentation.  Future research should provide additional compression speed settings to 
help determine user preference before or during a multimedia presentation.  Data 
concerning user preference—along with user satisfaction data, could help determine a 
standard for which compression speeds should be offered to participants to best affect 
learning but reduce cognitive load during a multimedia presentation.  Along with 
including additional compression speed settings, future research should continue to 
analyze the effects on perceived cognitive load as more compression speeds are made 
available to the user.   
As discussed in the implications, future research should analyze the effects of 
providing contextual information to the participant concerning what time-compression is 
and how it affects the use of a multimedia presentation according to the latest research.  
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Providing the participant with this information (e.g., there is no loss in learning at a 
compression speed of 25% or less) could likely affect user choice of compression speed 
before or during the presentation.  Future researchers should also collect data concerning 
user satisfaction when the ability to control the compression speed is available.  Data 
concerning satisfaction might also include qualitative data to potentially provide a deeper 
understanding concerning why users selected one option over another.   
As with previous recommendations from literature, future research should analyze 
the effects of implementing time-compression with multimedia in the form of a video 
(Pastore, 2012, 2015; Ritzhaupt et al., 2008, 2015).  In addition to video however, future 
research could analyze the effects of time-compressed multimedia in an interactive 
multimedia environment.  Finally, future research should continue to analyze the effects 
of time-compressed multimedia—to include any of the recommendations listed here, 
among different population samples.   
Overall, as it has been stated multiple times, time-compressed technology is 
widely available for use and implementation (Pastore & Ritzhaupt, 2015; Pastore, 2015; 
Ritzhaupt et al., 2015).  However, the research for implementing this technology is 
lacking.  Moreover, the information concerning its effects should be as widely available 
as the technology itself.  Providing more information on the effects of time-compressed 
multimedia could potentially help benefit more users, designers, and implementers.  More 
data on the subject of time-compression could affect the practical use and design of 
multimedia across multiple disciplines and learning environments within both academia 
and industry.  However, as this researcher discovered, gaining access to employees from 
within industry for an academic study can be difficult.  As a result, for the future of time-
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compressed multimedia to truly flourish designers and decision-makers in industry need 
to be willing to invest in the research of this technology.  At least based on the current 
research in time-compressed multimedia, such an investment would greatly benefit those 
willing to invest.   
Summary 
As technology has advanced, multimedia instruction has become a primary 
educational and training tool in academic and corporate environments (Pastore, 2012; 
Ritzhaupt et al., 2008, 2015).  The design of most modern multimedia instruction is 
guided by the Cognitive Theory of Multimedia Learning (CTML) (Pastore, 2015; 
Ritzhaupt et al., 2015) and is meant to promote learning by using audio and video 
elements delivered through a computer (Fiorella & Mayer, 2015).  In recent years, 
through advancements and availability of technology, multimedia instruction often 
consists of podcasts or other forms of audio-based narration that is supplemented with 
screen captures or slide presentations (Pastore & Ritzhaupt, 2015; Pastore, 2015; 
Ritzhaupt et al., 2015).  As technology continues to advance so are the ways in which the 
learner experiences and interacts with multimedia instruction, however there are gaps in 
the body of knowledge caused by the rapid speed with which technology evolves 
(Ritzhaupt & Barron, 2008).  One of these newer ways in which technology advances 
multimedia instruction and out-paces research is through multimedia that incorporates 
time-compression.   
However, recent research has focused on integrating time-compression with 
multimedia instruction.  Although this research has analyzed various effects of time-
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compressed multimedia instruction, gaps in the literature still remain.  The goal of this 
study was to fill two gaps in the literature by building and expanding on existing research 
in time-compressed multimedia instruction.  The researcher not only analyzed the effects 
on learning and cognitive load similar to previous research, but also expanded the body 
of knowledge by integrating learner-control into the multimedia instruction and sampling 
from a population of participants outside of academia.   
Although research into time-compressed instruction using narrated speech has 
existed for over half a century, in recent years researchers have reinvigorated time-
compressed instruction by integrating it with multimedia research using foundational 
theories in multimedia learning.  Recent authors of the current literature concerning time-
compressed multimedia have used similar methodologies but analyzed a wide variety of 
topics related to multimedia research.  Likewise, these authors also provided 
recommendations for future research.  However, gaps in the available literature remained, 
notably: studying the effects of time-compressed multimedia instruction using a sample 
from a different participant population and integrating learner-control into time-
compressed multimedia instruction.  To ensure valid and reliable research methods were 
used in the study, the researcher analyzed prior studies in previous time-compressed 
multimedia research.  As a result, methods similar to those used in previous studies on 
the same topic were used to construct a methodology designed fill the identified gaps in 
literature, and the researcher provided the details of this methodology.   
The overall research question guiding this study was: how does integrating 
learner-control into time-compressed multimedia instruction affect learning as measured 
by pretest and posttest scores, and perceived cognitive load as measured by a cognitive 
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load instrument?  The study used an experimental pretest-posttest design and sampled 
participants from a population of employees working in a corporate environment.  The 
general conduct of the study is described.  First, 71 individuals were recruited to 
participate via company email or face-to-face interaction and were provided a link to the 
study.  During recruitment participants were informed that his or her total participation 
time would be approximately 30 minutes.  The study remained locked by the researcher 
until an email address had been provided and entered into the system to keep participants 
outside the study from gaining access and to ensure each volunteer participated only 
once.   
After a participant could gain access to the study site, each participant had to 
complete an electronic consent form.  After completing the consent form participants 
were emailed a copy of the completed form and then were systematically assigned to 
either the control group or the multimedia treatment group.  Participants in the control 
group had no control over the speed of compression and experienced the multimedia 
presentation at a normal speed (0% compression).  Conversely, participants in the 
treatment group had ability to control the compression speed of the multimedia 
instruction between one of two pre-designated speeds: 0% or 25%.  Next, participants 
completed a demographic survey that was used for descriptive purposes only.   
Following the demographic survey, participants were given a 20-item multiple-
choice pretest to determine prior knowledge of the subject matter.  Then, participants 
completed a 12.5-minute multimedia presentation consisting of spoken text paired with 
static images.  The researcher had created the multimedia instruction from OSHA 
materials concerning the ergonomics of computer workstations.  After the instruction, 
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participants completed a posttest identical to the prior-knowledge pretest.  Then, each 
participant was given a cognitive load measure consisting of a single seven-point Likert-
scale question asking the participant to rate how easy or difficult the instruction had been.  
After completing the cognitive load measure participants were thanked for their time, 
then the study became locked for that participant.  After a two week period the researcher 
closed the study and collected a total of 67 complete and error-free data sets.  Then, the 
researcher analyzed the data using statistical software and analysis methods.   
The researcher used descriptive statistics and ANOVA procedures to analyze the 
data that was collected during the study.  Data analysis was performed to determine how 
integrating learner-control into time-compressed multimedia instruction affected learning 
and perceived cognitive load.  The researcher used the data collected from the pretest, 
posttest, and cognitive load measure to investigate the following hypotheses:   
H1: There will be no statistically significant difference in the level of learning 
among participants in the multimedia treatment group and the control group.   
H2: There will be no statistically significant difference in the level of perceived 
cognitive load among participants in the multimedia treatment group and the 
control group. 
The findings from the data analysis failed to reject both hypotheses.  The result was that 
there was no significant difference in learning between the control group and treatment 
group.  Similarly, there was no significant difference in perceived cognitive load between 
the control group and treatment group.  The researcher also performed additional analysis 
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procedures on subsets of data to further investigate the results.  However, the findings 
from the additional analyses also failed to reject both hypotheses that guided the study.   
The findings from this study support the results of previous research in the field of 
time-compressed multimedia.  Similar to Pastore (2010, 2012), the results of this study 
include that there was no significant difference in learning in at either a 0% or a 25% 
compression speed.  Likewise, similar to Pastore (2015) and Ritzhaupt et al. (2015), the 
results of this study could imply that learners prefer lower compression speeds.  The 
implications of this research are that more instructional designers in both industry and 
academia should consider incorporating an option for learners to compress the speed of a 
well-designed multimedia presentation.  By integrating time-compression into more 
multimedia instruction, users could have the option of learning at a faster rate without 
experiencing a loss in learning or an overburdening of cognitive load.   
However, the results of this study do not apply to every multimedia presentation 
in every learning environment.  More research is needed on ways to implement time-
compression technology so that more data can be collected and analyzed.  Although the 
technology to create time-compressed multimedia continues to increase in availability 
(Pastore & Ritzhaupt, 2015; Pastore, 2015; Ritzhaupt et al., 2015), more data is needed.  
Specifically, more research concerning how users interact with time-compressed 
multimedia in both academia and in industry is needed.   
The researcher provided recommendations for future research, including the 
following.  Future research should provide learners the ability to control the compression 
speed during a multimedia presentation while also collecting data concerning user 
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satisfaction.  Similarly, future research should provide additional compression speed 
settings to help determine user preference before or during a multimedia presentation and 
continue to analyze the effects on perceived cognitive load as more compression speeds 
are made available to the user.  Also, future research should analyze the effects of 
informing the participant of what time-compression is and what its affects are—
according to the most current research, before the user begins the multimedia 
presentation.   
Overall, future research into time-compressed multimedia should include 
additional populations.  Gaining more information on the effects of time-compressed 
multimedia could potentially benefit more users, designers, and implementers.  However, 
current research concerning the implementation of time-compressed multimedia is 
lacking despite the widespread availability of this technology.  Additionally, academia 
has been the primary setting for this research, but an investment from industry would 
greatly benefit the overall research and implementation of time-compressed multimedia.  
For the future of time-compressed multimedia to truly flourish, designers and decision-
makers in industry need to be willing to invest in the research of this technology.  If such 
an investment were made, time-compressed multimedia could affect the practical use and 
design of multimedia across multiple disciplines and learning environments for both 
academia and industry.   
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Appendix A 
Excerpt of Instructional Materials: Visuals with Spoken Text 
 
Your work surface should allow proper placement of computer components and 
accessories.   
The location of some devices should remain within your primary work zone shown here.   
Place frequently-used components in or near the primary work zone to help minimize 
repeated reaching and help reduce the possibility of injury.   
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For example, placing your telephone too far away can cause you to repeatedly reach, 
resulting in strain on the shoulder, arm, and neck.   
Instead place your telephone or other items that might be used often nearby to minimize 
time spent outside of a neutral body position.   
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Appendix B 
Pretest/Posttest 
 
Directions: In the following 20 multiple-choice questions select the answer you feel 
best completes the sentence.   
1. In general, a neutral body position is a comfortable working posture in which 
A. your muscles are naturally aligned 
B. your muscles and joints are naturally aligned 
C. your joints feel natural 
D. your joints are naturally aligned 
2. The concept of neutral body positioning includes which of the following:  
A. your elbows are supported and close to your body 
B. your elbows are unsupported and close to your body 
C. your elbows are supported and not close to your body 
D. your elbows are unsupported and not close to your body 
3. The concept of neutral body positioning includes which of the following:  
A. your wrists are above your forearms 
B. your wrists are straight and in-line with your forearms 
C. your wrists are beside your forearms 
D. your wrists are below your forearms 
4. Armrests should be positioned to support:  
A. your lower arms 
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B. your upper arms 
C. your wrists 
D. your hands 
5. Appropriate chair height is when the entire sole of your foot can rest on the floor 
with:  
A. your knees at least four inches higher than the height of your hips 
B. your knees at the same height as your hips 
C. your knees slightly lower than the height of your hips 
D. your knees slightly higher than the height of your hips 
6. One aspect of a good chair is that it should have:  
A. a seat with a non-adjustable height  
B. support that helps maintain the natural curvature of the spine 
C. hard armrests 
D. a strong, four-legged base with casters 
7. If a keyboard tray is used it should:  
A. provide limited leg and foot clearance 
B. have adequate space for keyboard only  
C. provide no height or tilt adjustments 
D. have adequate space for both the keyboard and mouse 
8. The ideal height for your keyboard should allow you to keep:  
A. your wrists straight and your forearms parallel to the floor 
B. your wrists bent and your forearms above parallel to the floor 
C. your wrists bent and your forearms below parallel to the floor 
D. your wrists straight and your forearms perpendicular to the floor 
9. A keyboard’s tilt should be altered by any of the following methods, EXCEPT:  
A. by extending the legs on the back of the keyboard 
B. by holding the keyboard when using it 
C. by adjusting the keyboard tray 
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D. by placing something underneath the keyboard 
10. Proper placement of the mouse or other input device is:  
A. above your keyboard 
B. next to your keyboard 
C. in front of your keyboard 
D. below your keyboard 
11. Mouse sensitivity and speed should be set so you can do all of the following, 
EXCEPT: 
A. control the mouse with a light touch 
B. ensure there are obstructions in the path of using the mouse 
C. maintain a straight and neutral wrist position 
D. ensure the pointer can cover all of your monitor screen  
12. Proper monitor placement measured from your eye to your monitor screen 
consists of a viewing distance that is:  
A. between 10 and 20 inches  
B. between 20 and 40 inches  
C. between 40 and 60 inches  
D. between 60 and 80 inches 
13. The top of your monitor screen should be viewed:  
A. significantly above eye level 
B. significantly below eye level 
C. at or slightly below eye level 
D. at or slightly above eye level 
14. The center of your monitor screen should be:  
A. at eye level 
B. between 10 and 15 degrees below eye level  
C. between 15 and 20 degrees below eye level 
D. between 20 and 25 degrees below eye level 
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15. To view your monitor screen(s) while at your computer workstation, ensure you 
do not need to look the left or to the right more than:  
A. 20 degrees 
B. 25 degrees  
C. 30 degrees 
D. 35 degrees  
16. Frequently used workstation components such as a telephone should be placed in 
or near the:  
A. Primary Work Zone 
B. Secondary Work Zone 
C. Nearby Work Zone 
D. Reachable Work Zone 
17. Minimize contact stress with your workstation by doing any of the following, 
EXCEPT:  
A. padding edges 
B. padding shelves 
C. using a work surface with rounded edges 
D. using a palm support 
18. Palm supports should be all of the following, EXCEPT:  
A. fairly soft and rounded 
B. Help minimize pressure on your hands 
C. 3 inches wide 
D. the length of the keyboard 
19. A micro-break is a short two minute rest break that should be taken every:  
A. 10-15 minutes 
B. 20-25 minutes 
C. 30-45 minutes 
D. 50-60 minutes 
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20. To help avoid eye, neck, and shoulder fatigue during a micro break you should 
also be sure to:  
A. strongly focus on the monitor screen(s) at your workstation 
B. briefly focus on the monitor screen(s) at your workstation 
C. strongly focus on objects on your work surface 
D. briefly focus on objects that are farther away than your workstation 
Answer Key 
1.d 
2.a 
3.b 
4.a 
5.b 
6.b 
7.d 
8.a 
9.b 
10.b 
11.b 
12.b 
13.c 
14.c 
15.d 
16.a 
17.b 
18.c 
19.c 
20.d 
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Appendix C 
Cognitive Load Instrument 
 
Directions: For the following question select the number that best describes your 
answer.   
 
How easy or difficult was it to understand the instructional material? 
Very Easy 1 2 3 4 5 6 7 Very Difficult 
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MEMORANDUM 
 
To:  Jason A Pittman, M.S. 
  College of Engineering and Computing 
 
From:  Ling Wang, Ph.D.,    
  Center Representative, Institutional Review Board 
  
Date:  January 25, 2016 
 
Re: IRB #:  2016-13; Title, “The Effects of Time-compression and Learner-control in 
Multimedia Instruction” 
 
I have reviewed the above-referenced research protocol at the center level.  Based on the 
information provided, I have determined that this study is exempt from further IRB review under 
45 CFR 46.101(b) ( Exempt Category 2).  You may proceed with your study as described to the 
IRB.  As principal investigator, you must adhere to the following requirements: 
 
1) CONSENT:  If recruitment procedures include consent forms, they must be obtained in 
such a manner that they are clearly understood by the subjects and the process affords 
subjects the opportunity to ask questions, obtain detailed answers from those directly 
involved in the research, and have sufficient time to consider their participation after they 
have been provided this information.  The subjects must be given a copy of the signed 
consent document, and a copy must be placed in a secure file separate from de-identified 
participant information.  Record of informed consent must be retained for a minimum of 
three years from the conclusion of the study. 
2) ADVERSE EVENTS/UNANTICIPATED PROBLEMS:  The principal investigator is 
required to notify the IRB chair and me (954-262-5369 and Ling Wang, Ph.D., 
respectively) of any adverse reactions or unanticipated events that may develop as a 
result of this study.  Reactions or events may include, but are not limited to, injury, 
depression as a result of participation in the study, life-threatening situation, death, or 
loss of confidentiality/anonymity of subject.  Approval may be withdrawn if the problem is 
serious. 
3) AMENDMENTS:  Any changes in the study (e.g., procedures, number or types of 
subjects, consent forms, investigators, etc.) must be approved by the IRB prior to 
implementation.  Please be advised that changes in a study may require further review 
depending on the nature of the change.  Please contact me with any questions regarding 
amendments or changes to your study. 
The NSU IRB is in compliance with the requirements for the protection of human subjects 
prescribed in Part 46 of Title 45 of the Code of Federal Regulations (45 CFR 46) revised June 18, 
1991. 
 
Cc: Laurie Dringus, Ph.D. 
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Appendix E 
Email Recruitment Message 
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Hello, 
I believe most of you know me, but if you don’t, my name is Jason Pittman and I am a 
[job title] for [company name] in [location].  I am also a doctoral student trying to finish 
my degree, but I need your help.  
I need 30 minutes of your time to participate in an online study investigating the 
effectiveness of time-compressed multimedia instruction using participants from a 
corporate environment.  
The study consists of: 
·  Consent Form 
·  3 question demographic survey 
·  20 question pretest 
·  ~12 minute instructional presentation on Computer Workstation Ergonomics 
·  20 question posttest.   
Although I have worked with most of you and at least met each of you face-to-face 
before, unfortunately I am unable to ask you to participate in person.  If you are willing to 
participate please send me a response and the email address you would like me to use 
when I send out the study’s link.  (Your slot in the study will be registered to the email 
address you send.)  The study is entirely voluntary and both your name and your email 
will be used only for the consent form (this is covered in more detail in the consent form).  
If you have any questions or want me to beg for your participation, feel free to contact me 
at this email, my cell (below), or at my work contact info if necessary.  
Depending on responses, I plan to send the study’s link out within the next two days.  I 
really hope you choose to participate and I greatly appreciate your time.  
  
Regards,  
Jason Pittman 
[personal email]@gmail.com 
[personal phone] 
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Appendix F 
Study Instructions and Link 
 
Hello and welcome to my study!   
Thank you for volunteering to be a participant through this phase of my Dissertation, 
your participation in this study is crucial in helping me graduate.   
·  Please use the following link to access the study and follow the instructions that are 
presented:  http://[study’s link].amazonaws.com/  
·  Your entire participation will take approximately 30 minutes of your personal time, you 
will need to a computer to participate (not a mobile device), and headphones are strongly 
recommended.   
·  Some have asked about forwarding the study's link.  You are free to forward the link as 
needed, however you will only be able to access the study (through the consent form) 
using the email address this message was sent to.   
·  The study will remain open through Wednesday 6/01. 
Thank you for your willingness to help and be sure to email, text, or call me if you have 
any questions, technical issues, comments, or if you want to hear me give you my 
unending gratitude.   
  
Regards,  
Jason Pittman 
[personal email]@gmail.com 
[personal phone] 
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Appendix G 
Screen Captures of Study 
 
 
Welcome Page 
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Consent Form Top 
 
 
Consent Form Bottom 
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Demographic Survey 
 
 
Pretest (Top Only) 
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Treatment Group Presentation Instructions  
 
 
Control Group Presentation Instructions 
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Treatment Group Presentation Beginning 
 
 
Control Group Presentation Beginning 
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Treatment Group Presentation Middle 
 
 
Control Group Presentation Middle 
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Posttest (Top Only) 
 
 
Cognitive Load Survey 
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Thank You Page 
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Appendix H 
Formatted Consent Form 
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Consent Form for Participation in the Effects of Time-compression and Learner-
control in Multimedia Instruction Study 
 
Funding Source: None. 
 
IRB protocol #:  
 
Principal investigator    Co-investigator 
Jason Pittman, B.A.     Laurie Dringus, Ph.D. 
2103 Cecille Dr.     3301 College Avenue 
Huntsville, AL 35803    DeSantis Building Room 4073 
(256) 541-9775     Ft. Lauderdale, FL 33314 
       (954) 262-2073 
 
For questions/concerns about your research rights, contact: 
Human Research Oversight Board (Institutional Review Board or IRB)  
Nova Southeastern University 
(954) 262-5369/Toll Free: 866-499-0790 
IRB@nsu.nova.edu 
 
What is the study about?  
You are invited to participate in a research study about multimedia instruction.  
The purpose of this study is to analyze the effects of learning and cognitive load 
on time-compressed multimedia instruction involving participants from a 
corporate environment.   
 
Why are you asking me? 
You are invited to participate because you currently use multimedia instruction in 
a corporate environment.  There will be approximately 60 participants in this 
research study.   
 
What will I be doing if I agree to be in the study? 
First, you will answer three-question demographic survey followed by a 20 
question multiple-choice pre-test about computer workstation ergonomics.  The 
demographic survey and the test should take you no more than 10 minutes to 
complete.  Next, you will watch a 10 minute instructional presentation on 
computer workstation ergonomics.  Then, you will answer a 20 question multiple-
choice posttest followed by one question about your perceived cognitive load 
concerning the instruction.  The posttest and the single cognitive load question 
should take you no more than 10 minutes to complete.  Your total participation 
time should take no more than 30 minutes.   
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Is there any audio or video recording? 
There is no audio or video recording involved in this study.   
 
What are the dangers to me? 
Risks to you are minimal, meaning they are not thought to be greater than other 
risks you experience every day.  Not being recorded means that confidentiality is 
promised.  If you have questions about the research, your research rights, or if 
you experience an injury because of the research please contact Mr. Pittman at 
(256) 541-9775.  You may also contact the IRB at the numbers indicated above 
with questions about your research rights.   
 
Are there any benefits for taking part in this research study? 
There are no benefits to you for participating.   
 
Will I get paid for being in the study?  Will it cost me anything? 
There are no costs to you or payments made for participating in this study.   
 
How will you keep my information private? 
The questions in this study will not ask you for any information that could be 
linked to you.  All data related to this study will not be shared or published 
outside of the principle investigator’s dissertation.  All data related to this study 
will be destroyed 36 months after the study ends.  All information obtained in this 
study is strictly confidential unless disclosure is required by law.  The IRB, 
regulatory agencies, or Dr. Dringus may review research records.   
 
What if I do not want to participate or I want to leave the study? 
You have the right to leave this study at any time or refuse to participate. If you 
do decide to leave or you decide not to participate, you will not experience any 
penalty or loss of services you have a right to receive.  If you choose to withdraw, 
any information collected about you before the date you leave the study will be 
kept in the research records for 36 months from the conclusion of the study and 
may be used as a part of the research.   
 
Other Considerations: 
If the researchers learn anything which might change your mind about being 
involved, you will be told of this information.   
 
NOVA SOUTHEASTERN 
UNIVERSITY 
   
 
Date: (auto-generated)       Page 3 of 3 
3301 College Avenue • Fort Lauderdale, Florida 33314-7796 
(954) 262-0000 • 800-672-7223, ext. 5369 • Email: irb@nova.edu • Web site: www.nova.edu/irb  
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Voluntary Consent by Participant: 
By typing in your name below, you indicate that 
• you have read this document 
• your questions about this research study have been answered 
• you have been told that you may ask the researchers any study related 
questions in the future or contact them in the event of a research-related 
injury 
• you have been told that you may ask Institutional Review Board (IRB) 
personnel questions about your study rights 
• you will be emailed a copy of this form after you have read it and typed in 
your name and email 
• you voluntarily agree to participate in the study entitled “Effects of Time-
compression and Learner-control in Multimedia Instruction Study.”   
 
Participant's Name: (typed in by participant) Date: (auto-generated) 
 
Participant’s email: (typed in by participant) Date: (auto-generated) 
 
Name of Person Obtaining Consent:  Jason Pittman Date: (auto-generated) 
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Appendix I 
Spoken Text from Introductory Instructional Videos 
 
Spoken text from Introductory Instructional Video for Control Group: 
Before starting the presentation, take a moment to adjust your volume.  During the 
presentation you can pause and play the video as necessary.  Once you have finished the 
presentation, you can review it using the slider bar.  Click the Continue button when you 
are ready to proceed.   
 
Spoken text from Introductory Instructional Video for Treatment Group: 
Before starting the presentation, take a moment to adjust your volume. Also, note the 
speed option.  This option allows you to control the speed at which the video plays.  
During the presentation you can pause and play the video as necessary.  Once you have 
finished the presentation, you can review it using the slider bar.  Click the Continue 
button when you are ready to proceed.   
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